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緒　言
　我が国の淡水魚養殖においては，昭和40年頃から飼料の配合化が急速に進み，現在では
ほぽ100％が配合飼料により生牽されている。L2）一方，海水魚養殖においては，マイワシ
等近海魚の豊富な漁膜量を背景に，これらが生餌として安価に供給されてきたため，配合
飼料の普及が遅れていた。また，配合飼料におけるタンパク質源としては，過去には我が国
漁齢が北洋で漁獲するスケトウダラやカレイ類等の白身魚またはその加工残渣から製造さ
れた北洋魚粉が安価で豊富に供給されていた。その後1976年に米国が200海里漁業保存
水域を設定して以降外国による自国200海里水域内における漁業管理が進んだことによ
りこれら北洋漁僕が衰退し，伊北洋魚粉に代わって主としてマイワシ等の沿岸赤身魚から製
造される沿岸魚、粉が豊富に安定して供給されてきた。ψ　しかしながら，1988年には450万
トンもの漁獲量があったマイワシもその後資源状態の悪化から急速に減少し，1996年には
わずか30万トンを漁渡したにとどまっており，今後も急速な資源量の回復は見込まれてい
ない。梱　また，我が国においても資源管理型漁業の概念が浸透しつつあり，さらに1996
年には国連海洋法条約が効力を発生したこと莚より，我が国200海里水域内における主要
魚種の漁磯量に対してもTAC．（漁獲可能量）の概念が導入され適切な資源評価に基づく
持続的な漁獲管理が行われるようになった。7〉このため，主としてマイワシを生餌あるい
はモイストペレットの原料として多用してきた我が国のブリ養殖に代表される海水魚養殖
では，マイワシに代わる生餌の確保に苦慮する一方，養魚、用飼料に配合する魚粉について
も外国からの輸入に依存せざるを得ない状況に陥っている。9他方，従来固形配合飼料へ
の嗜好性が低かったブリ用飼料については，良好な嗜好性と飼育成績が期待できる画期的
な飼料が開発され，8）　海水魚養殖における配合飼料の普及が急速に進んでいるところであ
る。
　一方，漁欝就業人口の減少および高齢化，飼餌料にかかる経費の増九および円高による
安価な輸入水産物の増大等，我が国養殖業を取り巻く経営環境は年々厳しくなっている。9
これらに対処するためには，安価で高性能な飼料の開発と普及，および養殖にかかる作業
の自動化等の省力化を行い，魅力ある，かつ活力のある産業として養殖業を健全に育てて
いく必要がある。一方，養殖魚の品質を制御する技術を確立し，養殖1の差別化およびブラ
ンド化を図ることにより消費者の嗜好に適した品質の養殖魚の生産を可能にするほか，消
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費者が安心して消費できるよう養殖魚の安全性を確保する必要がある。1び
養魚飼料への魚粉以外の高タンパク質原料，いわゆる魚粉代替原料の探索と利用は古く
て新しい課題である。欧米における養魚、用配合飼料の開発に関する研究では畜産用飼料を
ベースに改良されてきたため，大豆油粕などの魚粉以外の原料の配合に関する研究が早く
から進められてきた。L1抄一方我が国においては前述したような理由により，代替原料
を積極的に利用する緊迫性に乏しかったため，主として消化吸収率に関するものや補助的
に配合した研究に留まっていた。1219また，石油資化酵母等工業的に大量生産の可能な原
料の利用性に関する研究も一時期行われたが諸般の事情により実用飼料への配合には至
らなかった。1壇その結果，我が国の畜産用飼料における魚粉配合率が平均でわずかL5％
であるのに対し，養魚用飼料では魚粉が50％も配合され，大豆油粕やコーングルテンミー
ル等の魚粉代替原料は補助的に配合されているに過ぎなかった。ツしかしながら我が国に
おいても前述したような近年のマイワシ漁濃量の激減が契機となって、急速に研究が進んで
きた。
　一方，近年，二酸化炭素の排出量増加による地球温暖化現象やオゾン層の破壊，森林破壊
や酸性雨等の問題に代表されるような地球環境の保全に関する関心が世界的に高まりつつ
ある。魚類養殖においても，密殖と，残餌や排泄物による養殖場の自家汚染および魚病の蔓
延による薬剤投与の問題は古くから提起されている。1q1θ栄養飼料学的な側面からは，飼
料に良質の油脂を添加することにより，成長や飼料効率を損なうことなく飼料中の最も高
価なタンパク質原料の配合率を減らすことができるばかりか，エネルギーとして分解され
るタンパク質を削減し，環境への窒素の排出を削減できることが明らかにされている。1θ
それにより，淡水魚養殖では，例えば窒素およびリンの排出抑制のための条例が設けられ
た霞ヶ浦において低窒素負荷のコイ用配合飼料が開発された。斑曾一方，海水魚養殖にお
いても残餌の多い生餌から，生餌と粉末配合飼料等を混合したモイストペレットの普及が
進められた。1蜘　しかしながら更なる自家汚染の軽減のためには，海水魚養殖においても
飼料の完全配合化を図る必要がある。2⑳　このことに関しては，前述の如くブリ用新飼料
が開発されたことや，生餌や魚、粉の供給に対する不安から魚粉代替励料の利用に関する研
究が進展していることは大きな促進剤となろう。また，各種原料の飼料への配合に際しては
消化吸収率の良いものを適切な比率で配合し，排泄物として環境水中へ排出される量をで
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きるだけ削減する努力を併せて行う必要のあることはいうまでもない。
　また，産業や家庭から排出される廃棄物の処理に関しても関心が高まってきており，昨
今廃棄物を燃焼処理する際排出されるダイオキシンの有害性に関する報道が盛んに行われ
ている。また，二酸化炭素排出抑制の観点からも廃棄物の焼却はできるだけ避け，再利用す
るか，土に戻すべきであると考えられる。製造業においても廃棄物や副産物から他の産業の
原料として利用される製品を作り，企業の廃棄物処理にかかるコストの削減のみならず
地球環境の保全にかかるコストも削減しようという機運が広まりつつある。鯉　これらは，
国連大学が提唱するZERI佐mEmissi㎝Researdhh雌a伽e）等に謳われており，同大学主
催の各種のセミナーが各所で開催されている。養魚飼料における魚粉代替原料として有望
視されている大豆油粕やコーングルテンミール等もこれら製造業から産出される副産物で
あるが今後ともそのような原料を養魚飼料原料として積極的に取り入れていく必腰があ
ろう。
　他方，人口増加にともなう食料確保に対する不安も唱えられている。世界の穀物市場の相
場は，生産国における気候変動による凶不作や，大口需要国による輸入量増大等需要と供
給のバランスにより，また，通貨相場の変動等により容易に変動する。2切　したがって，養
魚飼料に用いる魚粉代替原料としては，人間自身があまり利用しないもの，かつ，供給量が
安定していて価格の安いものを用いる必要がある。しかしながら近年の大豆油粕の相場の
高騰にみられるように，現在魚．粉代替原料として有望な原料の利用馴尋来的にはままなら
ない状況になる可能性も十分にある。実際，アメリカナマズ用飼料に配合された大豆油粕を，
より安価な綿実粕やアルコール粕等により置き替えることを試みた研究もみられる。雅32
従って，魚粉代替原料としてはできるだけ多様な種類を確保するとともに，供給量や価格
の変動等を睨みながら絶えず新たな原料を探索し，利用する努力力泌要であり，息の長い
研究課題であると考えられる。代替原料が備えるべき条件として，（1）安価で大量に入手
可能であること，（2〉品質が一定であること，（3）魚およびそれを消費する人間にとって
安全であること，（4）一定量以上のタンパク質を含むこと，（5）アミノ酸のバランスが比
較的優れていること，（6）消化吸収率が良いこと，（7〉抗栄養因子を含まないこと，等が
あげられている。蝕従って新たな魚粉代替原料を利用するにあったては，これらの点を考
慮しながら研究を進める必要がある。
3
魚粉代替原料の中で，その利用性について最も研究が盛んに行われているのは大豆およ
び大豆から加工された原料であろう。中でも食用油を抽出した残渣である大豆油粕につい
ては，その資源量も多く粗タンパク質含量も45％程度あり，アミノ酸のバランスも比較的
優れていること等の理由から研究例が多い。謝　この大豆油粕については，タンパク質分
解酵素阻害物質（pmteinasei血ibiわD爲）等種々の抗栄養因子が存在するが37船　適切な加
熱処理を施すことにより，飼料中の魚粉をある程度代替できることが既に明らかにされて
いる。姻Pしかしながら大豆油粕を多量に配合すると，嗜好性の低下残存する抗栄養因
子の増加，飼料のタンパク質含量の低下，メチオニン等大豆油粕に不足するアミノ酸の欠
乏，および難消化性の炭水化物含量の増加等により，成長や飼料効率等の低下を招くこと
がある。礁姻　また，これら大豆油粕配合飼料に結晶アミノ酸を補足してアミノ酸バランス
を改善する研究も行われているが必ずしも魚粉飼料で期待されるような成長や飼料効率
等が得られないことがある。鵜峻一方，大豆油粕を，コーングルテンミールやミートミー
ル等他の魚粉代替卿料と併用することにより，飼料中の魚粉配合率をかなり削減できるこ
とが明らかにされてきた。41囎　また，最近では大豆油粕を精製することにより，抗栄養因
子や炭水化物含量を低減し，タンパク質含量を高めた濃縮大豆タンパク質（s鯉p卸Dもein
oαnoentrate〉を養魚飼料に用いた研究が行われている。ニジマスにおいては，濃縮大豆タ
ンパク質単独，あるいは他の魚粉代替原料と併用して飼料中の魚粉を完全に置き替えた無
魚粉飼料を給与して，良好な飼育成績が得られたという研究例が報告されている。婚姻　こ
れらの成果は，配合飼料のタンパク質源を魚粉に依存してきた我が国にとっては革新的な
ものであり，今後このような無魚、粉飼料あるいは低魚粉飼料に関する研究開発がさらに進
み，実用化されることが大いに期待される。一方，ブリやマダイ等海水魚における魚粉代替
原料の利用性については概してニジマスやコイ等の淡水魚より劣る傾向がみられ複数原
料を併用した場合でも魚曲代替率は50％程度であるとの報告が多い。姐姻　しかしながら，
これら海水魚に関しても低魚粉あるいは無魚、粉飼料を開発するための研究が進められてお
り，4腎P日本水産学会ではマダイに無魚粉飼料を給与して良好な成績が得られたことが報
告されている。娼5垂
　このように我が国魚類養殖業の置かれている現状および魚粉代替鵬料の利用に関するこ
れまでの研究経過を概略したが現在および将来における養魚飼料への魚粉代替原料の利
4
用に関する栄養飼料学的な側面からの研究課題として，（1）抗栄養因子の低減や消化吸収
率の向上等，既存の代替原料の利用性の改善，（2）新たな代替原料の探索とその利用性の
検討　（3）代替原料の併用による魚粉削減率の向上，（4）代替原料の栄養素の消化吸収率
を明らかにすることによる適切な原料の選択および配合比率の決定，並びに排泄物による
環境への負荷の軽減　（5）結晶アミノ酸の補足方法の改善を含め，代替原料配合飼料から
吸収されたアミノ酸の利用性に関する検討，等が挙げられると考えられる。これらの研究成
果は，実用飼料における魚粉使用量の大幅削減や，海水魚養殖における完全配合飼料化に
大きく貢献するものと思われる。
　本研究では上記項目を考慮に入れ，魚類における魚粉代替原料の主としてタンパク質の
利用性に着目し，各種原料タンパク質による魚粉タンパク質の代替効果，各種原料および
飼料のアミノ酸バランス，並びに原料タンパク質のアミノ酸の利用性に関する観点から，
以下の第1章から第6章にわたる研究を実施した。また，それら研究成果の総括を第7章
にまとめた。具体的には第1章および第5章の第2節から第4節の一部では上記（1）に
対応し，栄養価改善のための処理を施した既存の代替原料の利用性を検討した。第2章で
は上記（2）に対応し，新しい代替原料の利用性を検討した。また，第3章および第4章の
第1節では上記（3）に対応し，魚粉代替原料の併用効果を検討し，第4章の第2節および
第5章では（4）に対応して，各種原料のタンパク質とそのアミノ酸の消化吸収率1こついて
検討した。第6章では上記（5）に対応して，各種原料タンパク質からのアミノ酸の吸収特
性に関する検討を行った。ここでは以下に各章の研究内容の概略を説明するにとどめ，各章
の研究背景や目的，方法等については各章冒頭に要約として記載した。なお，本研究の具体
的研究内容については，日本水産学会誌等において公表済みのものおよび現在投稿中で
近々公表予定のもので構成されているため，論文の別刷りまたは原稿によって代用した。
第1章　ニジマス稚魚における大豆油粕の利用性
　本章では，大豆油粕を加工処理し，品質を高めた製品の1つとして，家畜の人工乳用とし
て抗原性物質を低減させるためにエクストルーダー処理を施した市販大豆油粕の利用性を
ニジマス稚魚、において検討した。魚粉を主タンパク質源とする対照飼料と，その魚粉タンパ
ク質の10～60％をメタノールにより洗浄処理した上記大豆油粕で置換した上，対、照飼料の
5
必須アミノ酸含量を満たす量の結晶アミノ酸を添加した飼料を作製した。これらの飼料を
平均体重11gのニジマスに水温16℃の下で6週間給与し，増重率，飼料効率全魚、体の一
般成分，飼料のタンパク質とエネルギーの消化吸収率および両者の魚体への蓄積率等に及
ぽす影響を検討した。
その結果魚粉の60％を上記大豆油粕により置換した飼料においても，対照飼料と同等
の増重率およびタンパク質の利用効率が得られた。一方，大豆油粕配合率の増加に伴いエネ
ルギーの利用効率が抵下する傾向がみられたため，対照飼料と同等の飼料効率は魚粉置換
率が40％までの飼料で得られた。　．
第2章　ニジマスおよびマダイ稚魚における麦芽タンパク質の利用性
本章では，新たにピール粕から精製された麦芽タンパク質（阻altpmtein伽ur）に注目
し，まず魚粉代替原料としての有効性を検討するため，麦芽タンパク質単独による魚粉代
替可能率を推定した。
第1節ではニジマス稚魚、を用い，2種類の試験を行った。試験1では，魚粉をタンパク質
源とする対照飼料と，その魚粉タンパク質の20～80％を麦芽タンパク質で置換した飼料を，
平均体重10gのニジマスに水温17℃の下で6週間給与した。試験2では，麦芽タンパク質
配合飼料への結晶アミノ酸の補足効果を検討した。試験1と同様に魚粉をタンパク質源と
する対照飼料と，対照欄料中の魚粉タンパク質の20～100％を麦芽タンパク質により置換
し，さらに対、照飼料の必須アミノ酸含量を満たす量の結晶アミノ酸を補足した飼料を，平
均体重11gのニジマスに水温17℃の下で6週間給与した。
第2節ではマダイ稚魚、を用い，第1節の試験1と同様に，魚粉をタンパク質源とする対
照飼料と，その魚粉タンパク質の10～50％を麦芽タンパク質により置換した飼料を，平均
体重10gのマダイに水温23℃の下で6週間給与した。両節の実験とも，麦芽タンパク質の
配合率やアミノ酸の補足斌増重率，飼料効率，全魚、体の一般成分，飼料のタンパク質とエ
ネルギーの消化吸収率および両者の魚体への蓄積率等に及ぼす影響を比較した。
これらの試験の結果ニジマスでは麦芽タンパク質による魚粉置換率が40％，結晶アミ
ノ酸を補足した場合は同60％，マダイでは同30％までの飼料で対照飼料と比べて遜色の
ない増重率，飼料効率，タンパク質およびエネルギーの利用効率が得られた。
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第3章ニジマス，ヒラメおよびコイ稚魚用飼料における大豆油粕および
　　　　麦芽タンパク質の併用効果
本章では，魚粉代替原料配合飼料のアミノ酸バランスを改善し，飼料タンパク質の栄養
価を向上させることにより，効果的に魚粉配合率を低減させる手段の1つとしての代替原
料の併用効果を，大豆油粕と麦芽タンパク質について検討した。
　第1節では，大豆油粕と麦芽タンパク質の最適配合比率を明らかにするため，対照飼料
の魚粉タンパク質の60％を，大豆油粕および麦芽タンパク質を種々の比率で併用配合して
置換した飼料を，平均体重5gのニジマスに水温15℃の下で6週間給与した。増重率，飼料
効率，全魚体の一般成分，飼料のタンパク質とエネルギーの消化吸収率および両者の魚体
への蓄積率等から，これら2つの代替原料の最適併用比率を推定した。
　第2節および第3節では，麦芽タンパク質配合飼料に対する大豆油粕の併用効果を検討し
た。第2節では平均体重15g前後のヒラメを用い，2種類の飼育試験を水温20℃の下で4
週問実施した。試験1では前章と同様の観点から麦芽タンパク質単独による魚粉代替可能
率を推定し，試験2では大豆油粕および麦芽タンパク質を併用配合して魚粉を置換した飼
料を給与し，実験1の結果と比較することにより代替原料併用の効果について検討した。
第3節では，対照飼料の魚粉タンパク質の20～60％を麦芽タンパク質単独，または大豆油
粕および麦芽タンパク質を併用して置換した飼料を平均体重5gのコイに水温26℃の下で
6週間給与し，第2節と同様に麦芽タンパク質単独による魚粉代替可能率および大豆油粕
と麦芽タンパク質の併用効果について検討した。
　これらの試験の結果，ニジマス稚魚用飼料において大豆油粕と麦芽タンパク質の配合比
率がタンパク質換算で1：1の時に，増重率およびタンパク質やエネルギーの利用効率等が
総合的に優れることが判明した。また，コイ稚魚、においてはこれら2原料を併用して魚粉
の60％を置換した飼料では対照飼料より優れた増重率が得られた。一方，ヒラメ稚魚朔飼
料への大豆油粕と麦芽タンパク質の併用効果は，ニジマスやコイほど顕著ではなく，増重
率の改善には至らなかった。また，ヒラメおよびコイ種魚用飼料における麦芽タンパク質に
よる魚粉代替可能率はそれぞれ20および40％であると推定された。
第4章　ニジマス稚魚における各種魚粉代替原料の利用性
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　本章ではニジマス稚魚、を用い，各種魚、粉代替原料の併用効果や，各種原料のタンパク質
とそのアミノ酸の消化吸収率ついて検討した。
　第1節では，大豆油粕，ミートミール，麦芽タンパク質およびコーングルテンミール等を
単独であるいは併用して対照綱料の魚粉タンパク質の60～80％を置換した飼料を，平均
体重9gのニジマスに水温16℃の下で6週問給与した。増重率，飼料効率，全魚、体の一般成
分，飼料のタンパク質とエネルギーの消化吸収率および両者の魚体への蓄積率や飼料のア
ミノ酸組成等から，適切な原料の組み合わせおよび魚粉配合率の削減率について検討した。
　第2節では，各種飼料原料に含まれるタンパク質とでのアミノ酸の消化吸収率を明らか
にするため，タンパク質源として魚粉，大豆油粕，麦芽タンパク質またはコーングルテンミ
ールを単独に配合した飼料を作製した。採糞用水槽に収容した平均体重13gのニジマスに
これらの飼料を水温15℃の下で給与し，問接法による見かけの消化吸収率を測定した。
　その結果，大豆油粕と麦芽タンパク質またはコーングルテンミール，およびミートミー
ルと麦芽タンパク質の組み合わせに併用効果が認められ魚粉を60％置換した飼料におい
て対、照飼料と同等の増重率や飼料効率等が得られた。また，大豆油粕，ミートミール1麦芽
タンパク質およびビール酵母をバランス良く併用することにより魚粉の80％を置換した飼
料においても対照飼料と同等の増重率が得られた。一方，魚粉大豆油粕およびコーングル
テンミールの見かけのタンパク質の消化吸収率は95％前後麦芽タンパク質のそれは
86％であり，各タンパク質の個々のアミノ酸の消化吸収率はおおむねタンパク質の消化吸
収率に近似した。
第5章　各種稚魚における各種原料のタンパク質およびアミノ酸の消化吸収率
　本章では，改良した採糞用水槽を導入し，各種稚魚における各種原料のタンパク質とそ
のアミノ酸の消化吸収率を比較した。また，原料へのエクストルーダ」処理の影響について
も併せて検討した。
　第1節では，平均体重25gのヒラメを用い，魚粉，大豆油粕，麦芽タンパク質およびコー
ングルテンミールの見かけのタンパク質とそのアミノ酸の消化吸収率を間接法により測定
した。
　第2節から第4節では，第1節と同様の原料およびエクストルーダー処理した大豆油粕
8
および麦芽タンパク質をそれぞれタンパク質源として単独に配合した飼料並びに無タンパ
ク質飼料を給与し，見かけおよび真のタンパク質およびアミノ酸の消化吸収率を，それぞ
れニジマス（平均体重14g，水温15℃），コイ（同15g，25℃）およびマダイ（同21g，20℃）
において間接法により測定した。
　これらの試験の結果，魚粉タンパク質の見かけの消化吸収率は各魚種とも89％以上であ
り，ニジマス，コイおよびマダイでは大豆油粕および麦芽タンパク質のそれらも92および
83％前後であり大差なかったがヒラメではそれぞれ10％以上低かった。コーングルテン
ミールのタンパク質の見かけの消化吸収率はニジマスでは95％であったがコイおよびマ
ダイでは麦芽タンパク質よりやや劣り，ヒラメでは42％であった。各タンパク質の見かけ
と真の消化吸収率の差は小さかった。各タンパク質の個々のアミノ酸の消化吸収率はおお
むねタンパク質の消化吸収率に近似したが一部のアミノ酸では見かけと真の値の差が比
較的大きいため，真のアミノ酸の消化吸収率を求める必凄性が示唆された。一方，大豆油粕
等へのエクストルーダー処理は，個々のアミノ酸の消化吸収率を損なうことなくタンパク
質の消化吸収率を幾分向上させる傾向を示した。
第6章　各種原料を給与したニヲマス幼魚の血漿遊離アミノ酸濃度の経時変化
本章では，各種原料タンパク質の利用性をより詳細に検討するため，ニジマス幼魚、に各
種原料を単独に配合した飼料を給与し，給餌後の血漿遊離アミノ酸濃度の変化およ斜肖化
管におけるタンパク質の消化過程について調べた。タンパク質源として魚粉，大豆油粕また
は麦芽タンパク質をそれぞれ単独に含む飼料を平均体重63gのニジマスに水温15℃の下で
給与し，飼料摂取後経時的に魚体を採取し，血漿中の遊離アミノ酸濃度を測定した。また，
採取した魚体から消化管を取り出し，タンパク質の消化過程を調べるために内容物の窒素
含量の変化についても併せて検討した。
　その結果，大豆油粕や麦芽タンパク質を給与したニジマスでは，血漿中への遊離アミノ
酸出現のピークが魚粉に比べ9時問程度遅くなった。また，魚粉に比べ大豆油粕および麦
芽タンパク質のタンパク質はより未消化な状態で胃から腸へ移行することや，麦芽タンパ
ク質は腸における消化にも負担がかかっていることが示唆された。
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第7章　総　括
　本章は，上記各章の研究成果の総括である。
なお，本研究で用いた飼料は，第1章から第3章，第4章の第1節，および第6章ではペ
レットミルを用い，第4章の第2節および第5章の第2節から第4節ではガーリックスク
イーザーを用い，第5章の第1節では挽肉器を用い，それぞれ作製したドライペレットであ
る。また，各試験においては，対照となる銅料のタンパク質源には原則として魚粉のみを用
い，各飼料中の粗タンパク質含量および粗脂肪含量は等しくなるよう調整した。各試験区に
は原則として2水槽設け，結果の平均値を比較した。また，各種飼料の給与は原則として1
日2回，飽食するまで行った。
　本研究で実施した養魚飼料への麦芽タンパク質の利用に関する研究の一部は，農林水産
省共同研究規定（昭和56年8月17日付け農林水産省告示第1218号）および農林水産省
共同研究実施要領（昭和56年8月17日付け56農会第1114号農林水産技術会議会長通
達〉に基づき，平成4年12月21日付けで泳産庁養殖研究所と株式会社麟麟麦酒との間で
締結された共同研究契約の下で実施されたものである。また，本論文の中ではビール粕から
精製された鵬料（maltp想Dtein伽ur）に対する日本語の名称として，「麦芽タンパク質」
を用いたカ～この物質に対しては平成6年12月28日付けの農林水産省畜産局流通飼料課
長名による公文書（6－11）においてr麦芽たん白」という名称が暫定的に与えられている。
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第1章　ニジマス稚魚における大豆油粕の利用性
　（山本剛史，秋山敏男；ニジマス稚魚における大豆粕による北洋魚粉代替飼料
　の検討，養殖研報，20，25－32　（1991），）
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要　約
　魚粉代替原料の養魚飼料への利用に関しては，流通量が多く，栄養価が比較的優れ
ていることから大豆油粕に関する研究報告が最も多いと思われる。1一ψ　加熱処理の
されていない生大豆油粕には，タンパク質分解酵素阻害物質や抗原性物質等種々の抗
栄養因子が含まれ，魚類を始め動物がそれを摂取すると消化不良等栄養生理に悪影響
を及ぼすことが知られている。5噌　生大豆粕に対しては適切な加熱処理をすること
によりそれら阻害物質の含有量が低下し，大豆油粕単独で養魚飼料中の魚粉をある程
度代替できることが報告されている。9“1ψ　しかしながら，適切に加熱処理された大
豆油粕をもってしても飼料に多量に配合すると，嗜好性が低下すること，飼料のアミ
ノ酸バランスが低下することや難消化性の炭水化物含量が増加すること等により，成
長や飼料効率等の低下を招くことがある。15『戯　また，大豆油粕配合飼料におけるア
ミノ酸バランスを改善するために，メチオニン等大豆油粕に不足する必須アミノ酸を
結晶体で補足し，魚粉主体飼料と同等の飼育成績を得たとする報告がある。1ス2q鎗訂）
しかしながら多量の魚粉を大豆油粕により置換した飼料においては，アミノ酸を補足
しても魚粉主体飼料と同等の増重率や飼料効率が得られないことが多い。2L2棚一姻
一方，栄養価を向上させるために種々の処理を施した大豆油粕を養魚飼料に配合した
報告がある。大豆油粕を醤油菌等により発酵処理したものをブリ用飼料に配合した研
究では，タンパク質や炭水化物の消化率の向上と，成長の改善をみている。4L姻また，
大豆油粕をアルコール等により精製し，抗栄養因子や難消化性の炭水化物含量を低下
させ，タンパク質含量を70％程度にまで高めた濃縮大豆タンパク質を養魚飼料に用
いた研究が近年みられる。2ス2躍｝妙ニジマスにおいては魚粉を100％濃縮大豆タン
パク質により置換した飼料を給与して対照の魚粉飼料と同等の成長や飼料効率を得
たという報告や，姻　濃縮大豆タンパク質を他の代替原料と併用して魚粉を100％置
換した飼料をニジマスに給与して良好な飼育成績を得たという報告翻があり注目さ
れる。ブリ用飼料においても少量の魚粉を濃縮大豆タンパク質により置換した飼料で
は良好な結果が得られているが，鉱兇鵜娼47）その大量配合は成長や飼料効率の低下
を招くとの結果も得られており，姻その配合にあったてはさらに検討が必要と思わ
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れる。一方，大豆油粕に含まれるサポニン等の抗栄養因子をアルコールによる簡易洗
浄処理により低減させたものを飼料に配合し，未処理の大豆油粕に比ベニジマス等の
成長や飼料効率を改善させた研究例がある。3a姻　他方，大豆油粕に含まれる抗原性
物質等をエクストルーダー処理により低減させたものが家畜の人工乳用として用い
られている。＠　養魚飼料においても大豆油粕または大豆油粕配合飼料へのエクスト
ルーダー処理が，銅料中のミネラルの利用率を向上させることや，卸　炭水化物5L52）
やタンパク質52）の消化吸収率を向上させること等が報告されている。
　本章では，栄養価を向上させるための処理を施した市販大豆油粕の1つとして，家
畜の人工乳用としてエクストルーダー処理により抗原性物質を低減させた大豆油粕
に着目し，ニジマス稚魚用飼料における魚粉代替原料としての有効性を検討した。飼
料は，魚粉を主タンパク質源とする対照飼料（粗タンパク質45％，粗脂肪10％）と，
対照飼料中の魚粉タンパク質の10，20，40および60％を，エクストルーダー処理大
豆油粕をさらにメタノールによる簡易洗浄処理を施したものにより置換した試験飼
料とした。試験飼料には，対照飼料の必須アミノ酸含量を満たす量の結晶アミノ酸を
補足した。これらの飼料を，平均体重11gのニジマスに水温16℃の下で1日2回，6
週間にわたり飽食量給与し，大豆油粕の添加が，増重率，飼料効率，全魚体の一般成
分，飼料のタンパク質とエネルギーの消化吸収率および両者の魚体への蓄積率等に及
ぼす影響を検討した。
　その結果，各試験区の増重率には大豆油粕配合に伴う影響はみられなかった。一方，
大豆油粕の配合率の増加に従い飼料効率が低下し，摂餌率が増加する傾向がみられた。
飼料中のタンパク質の見かけの消化吸収率には試験区間で差がみられなかったが，エ
ネルギーの消化吸収率は大豆油粕配合率の増加に従い低下する傾向がみられた。同様
の傾向がそれら成分の魚体への蓄積率にも認められた。また，全魚体の一般成分には
大きな差は認められなかった。以上のことから，魚粉の60％をエクストルーダー等に
より処理した大豆油粕で置換した飼料においても対照飼料と同等の増重率やタンパ
ク質の利用効率が得られることが明らかとなった。一方，対照飼料と同等の飼料効率
やエネルギーの利用効率が得られるのは同40％置換飼料までであると判断された。
本試験で用いたメタノール洗浄処理をし結晶アミノ酸を補足したエクストルーダー
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処理大豆油粕配合飼料のタンパク質の栄養価は，対照の魚粉主体の飼料と同等に優れ
ていることが明らかとなったが，大豆油粕配合飼料に含まれる炭水化物の利用性が劣
ることにより，飼料の可消化エネルギー含量が低下した。この可消化エネルギー含量
の不足を補うため，ニジマス稚魚は飼料の摂取量を増加させ，その結果，飼料効率等
が低下する傾向がみられるものの対照飼料と同等の増重率を得たものと推察された。
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ニジマス稚魚における大豆粕による北洋魚粉代替飼料の検討
山本．剛史・秋山　敏男
（1991年9月20日受理）
Substitution　of　SoybeanMeal　for　White　Fish　Meal　in　a　Diet
　　for　Fingerling　Rainbow　Trout　Onco所』ynchμsη1y短∬
Takeshi　Yamamoto‡and　Toshio　Akiyama＊
　　A6－week　feeding　experiment　was　conducted　to　detem盛ne　the　opt㎞um　substitution　ievel　of　soy－
bean　meal（SBM）for　white6sh　meal（WFM）in6ngerllng　rainbow　trout　O”60吻π‘ゐ欝剛燃s．Con．
trol　diet　contained　WFM　and　dhed　breweゼs　yeast　as　protein　sources．In　exper㎞ental　diets，10，20，
400r60％of　the　WFM　prote血was　replaced　by　protein　ffom　the　SBM　which　had　been　treated　with
methanoL　The　experimental　diets　were　supplemented　with　essential　amino　acids　such　as　methionine
and！ysine　to　s㎞ulate　the　aπ血o　acid　composition　of　the　control　diet、No　sign面cant　d廿ferences　were
observed㎞the　growth　among　the　dietary　treatments，but　low　feed　efnciency　was　obtained　in　the
group　fed　the　diet　with　the　highesUevel　of　the　SBM　protein　compared　to　the　group　fed　the　control
dlet　or　the　diet　wlth　lower　level（10％or20％substltution）of　the　SBM　protein．　The　percentage
prote血deposited　d呈d　not　vary　sign面cant垂y　among　the　groups，but　m《e　the　trend　for　feed　e伍ciency　the
percentage　energy　deposited　became里ower　when6sh　were　g1ven　the（iiet　with　higher　leve亘（40％or
60％substitution）of　the　SBM　protein．Thus，20％of　the　WFM　proteln　was　replaced　with　the　SBM
prote血而thout　any　disadvantages，and　comparable　grow塗h　and　prote血deposition，血spite　of雌erior
feed　ef罰ciency　and　energy　deposition，were　obtained　even　by　the60％substitution．
κ砂ω07肉1　（iigestib健ity，methanol　extraction，rainbow　trout，soybean　meal，white　nsh　meai
　淡水魚養殖では主に配合飼料が使用されているが，海産魚養殖でも飼料効率の向上および水質汚
染の防止等の観点から，生魚給餌からモイストペレットや配合飼料へと移り変わりつつある（川村
1989）。この配合飼料の主タンパク源は魚粉であり，魚粉に対する世界的な需要の高まりから，魚
粉価格の高騰を招いている。このため，魚粉に代わるタンパク素材として大豆粕等の植物性素材が
注目され，チャネルキャットフィッシュ1‘翅麗郷ρ㈱6‘伽5やティラピア0猶806ん〆o痂5纏o批螂等
各種養魚について，植物素材の利用や魚粉との代替率等について研究が進められてきた（LoveU
1990）。これまで我が国においては，主として北洋で漁獲される底魚類を原料として製造した北洋
魚粉が飼料タンパク源として利用されてきたが，200海里漁業水域の定着により，主漁場であった
米ソ200海里内水域からの我が国漁船の締め出し等で原料が不足し生産量は減少している（吉島
1988）。また，我が国近海におけるマイワシSα〆4∫塑ρs耀」碗05直6’欝の豊富な漁獲量に支えられて
＊養殖研究所玉城庁舎（Inland　Statlon，Natlonal　Research　institute　ofAquaculture，Tamald，Mie519－04，Japan）
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供給の安定していた沿岸魚粉についても，近年マイワシ資源への若年魚の加入が少なく，今後漁獲
量が減少するとの予測（近藤　1990）もあり，これら北洋魚粉および沿岸魚粉の供給不足を補う代
替タンパク素材の探索が急務となっている。
　ニジマス0ηω名励‘肋5〃2鉾魏を用いた大豆粕による魚粉の代替については，ペルー魚粉につい
てTaconら（1983）が，ニシン魚粉についてChoら（1974）およびReh廿tz（1980）が，沿岸魚
粉についてMuraiら（1989）が報告している。そこで，ニジマス当歳魚における大豆粕による北
洋魚粉の代替率を調べるため，魚粉の一部を大豆粕で置き換えた飼料を作製し飼育試験を行ったの
で，その結果を報告する。
実験方法
　供試魚　養殖研究所玉城庁舎において継代飼育中のニジマス親魚から人工受精により得た受精卵
をふ化させ，市販の鱒用配合飼料を給餌して飼育した当歳魚（試験開始時の平均体重約11g）を
供試魚として用いた。
　試験飼料　大豆粕を含まない飼料を基本飼料（1区〉とし，この飼料中の北洋魚粉を粗タンパク
含量で10，20，40および60％を大豆粕タンパクで置換した4種の試験飼料（それぞれ2，3，4およ
び5区）を作製した（Table1）。使用した大豆粕は，加熱処理済みの市販大豆粕（豊年製油社製，
Tab量e1，　Percentage　composition　of　the　experimental　diets
Ingredient（％）and
nutrient　content（dry　v眈basis）
DletNo．
1 2 3 4 5
Whte丘sh　me証
Soybean　meal＊1
Dried　brewer’s　yeast
Gelat血ized　potato　starch
Po皿ock　viscera　o韮
Vitaminmix＊2
M1neral　mix＊3
Aminoacidmix＊4
Cenulose
Cr203
Moisture
Crude　prote血（％N×6．25）
Crude侮t
Ash
Gross　energy（kca／100g　diet）
Digestible　energy（kca監／100g（liet）
64．3
0
10．0
16．2
5．0
2．0
2．0
0
0
0．5
6．2
49．1
10．8
16．4
470
421
57。9
7．7
10．0
13．5
5．5
2．0
2．0
0．2
0、7
0．5
6．0
49．5
10．8
15．6
470
408
51．4
15．4
10．0
10．8
6．0
2．0
2．0
0。4
1，5
0、5
6．6
49．6
10。7
14．5
483
419
38．6
30．8
10．0
5．5
7．0
2．0
2．0
0．8
2．8
0．5
7．4
49．8
10．8
13．0
487
410
25．7
46．2
10．0
0，1
7，9
2．0
2．0
1．2
4。4
0．5
7．1
49．3
10、7
10．9
494
401
＊1Extracted　with　methanol、
＊2　Con血s　each　vi㎞conrespond㎞g　to44％　of血e　pre！血reported　by　Nat量onal　Research　Counc謎
　（1973）．
＊3U．S．P．XII　Salt　mbζture　with　tどace　elements（Halver1957），
＊4Methionine：Lysine・HCl：Threonine：Tryptop㎞＝10：9：2：1。
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商品名ソイミルク）を，合計10倍量（重量）のメタノールで3回抽出処理することによりサポニン
等メタノール可溶性物質を除去し（新井ら　1983），自然乾燥させた後，細粉化したもの（粗タン
パク含量50．6％）を用いた。北洋魚粉（以下魚粉という）はホウスイ社製（粗タンパク含量
62．2％〉のものを，ビール酵母は三輪製薬社製の乾燥酵母（粗タンパク含量49．9％）を用いた。各
試験飼料とも粗タンパク，粗脂肪及び総エネルギー含量が基本飼料と等しくなるよう飼料組成を調
整した。また，飼料タンパク質の必須アミノ酸組成についても基本飼料と等しくなるよう，アミノ
酸分析結果をもとに結晶アミノ酸を添加して調整した。なお，飼料成分の消化吸収率を測定するた
め，酸化クロムを0．5％添加した。これら飼料原料は，十分混合した後，水を添加し，ペレットミ
ル（カリフォルニアペレットミル社製，USA）によりペレットに形成した。ペレットは温風乾燥機
で乾燥（50℃，6時間）させた後，給餌するまで5℃で保存した。
　飼育条件　試験には，塩化ビニール製の60cm×25cm×35cmの角型水槽（実質水量約40’）
を各試験区当たり2水槽ずつ用いた。各水槽に供試魚を30尾ずつ収容し，市販の鱒用飼料で1週間
予備飼育した後，1990年6月18日から7月30日までの6週間，試験飼料を給餌し，飼育した。飼育
水は地下水を用い，換水率を毎時約2回転とした。試験期問中の水槽内水温は16．2～16．8℃の間
であった。照明は蛍光灯により午前8時30分から午後5時の間点灯した。給餌は1週間に6日問，
1日2回飽食するまで与えた。
　各水槽の供試魚の体重は試験開始時とその後は2週間毎に0．01％一MS222で麻酔して各槽とも
個体別に体重を測定した。なお，体重測定前は約30時間絶食させた。試験開始時には魚体成分分析
用試料として予備飼育槽から10尾採取し，試験終了時には体重測定の後，各槽から魚体分析用に4
尾ずつ採取した。これら分析用試料は直ちに一80℃に凍結保存した後，分析時にホモジナイザー
により均一化した。
　飼料および魚体の分析　粗タンパク含量はミク白ケルダール法により，粗脂肪含量はエチルエー
テルによる抽出により，水分は110。Cで8時問乾燥して，灰分は600℃で5時間灰化して求めた。
総エネルギー含量は爆発熱量計（島津製作所社製，CA－3）で測定した。試験飼料のアミノ酸組成
を補正するために原料のアミノ酸分析を行った。シスチンは過蟻酸酸化法（M。。re　1963）により，
トリプトファンはメルカプトエタンスルフォン酸による方法（Penkeら　1974）により，その他の
アミノ酸は6規定塩酸による加水分解法により試料を加水分解し，それぞれアミノ酸自動分析計
（日立製作所社製835型）で分析し求めた。
　飼料タンパク質およびエネルギーの消化吸収率の測定　試験終了後，魚体成分分析用試料を採取
した残りの試験魚を採糞槽に収容し，飼料中のタンパク質およびエネルギーの消化吸収率を測定す
るため採糞を行った。採糞は，各試験区2水槽分を合わせて採集し1試料とした。採集した糞は，
一20℃で凍結保存し，真空凍結乾燥機により乾燥後，前記の方法で粗タンパクおよび総エネル
ギー含量を求めた。また古川ら（1966）の方法により糞および飼料中の酸化クロム含量を測定し消
化吸収率を調べた。
　試験結果の解析　飼育試験によって得られたデータは，Dun㎝（1955）の方法により5％の危
険率で各試験区間の平均値の有意差検定を行った。
結 果
飼料原料のアミノ酸組成　飼料原料のアミノ酸分析結果およびA／E比をTable2に示した。魚
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Table 2. Essential arnino acid compositions of dietary protein sources (% of each source) 
Protein source 
White fish meal Soybean meal*l Dried brewer's yeast 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methion ine 
Cystine 
Phenylalanine 
Tyrosine 
Threonin 
Tryptophan 
Valine 
Total 
4.57 
1.45 
2.47 
5. 30 
5.52 
2.20 
O. 75 
2. 53 
2.38 
3. 15 
O. 29 
2. 93 
33. 54 
A/E ratio*2 
136 
43 
74 
158 
165 
66 
22 
75 
71 
94 
9 
87 
4.41 
1.54 
2.44 
4.65 
3. 72 
O. 62 
O. 83 
2. 81 
2. 06 
2. 36 
O. 16 
2.65 
28. 25 
A/E ratio*2 
1 56 
55 
86 
165 
132 
22 
29 
99 
73 
84 
6 
94 
3. 08 
1. 25 
2. 15 
3.95 
4.35 
O. 89 
O. 58 
2. 09 
1. 86 
2. 83 
0.30 
2. 75 
26. 08 
A/E ratio*2 
118 
48 
82 
151 
118 
34 
22 
80 
71 
109 
12 
l05 
*1 See the footnote of Table l. 
*2 Expressed as (each essential arnino acid/total essential amino acids) x 1000. 
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Table 3. Perforrnance of fingerling rainbow trout fed diets containing different level of soybean meal*l 
Diet No. 
Substitution 
level of soy 
protein (%)*2 
Avg. 
body 
wt (g) 
Avg. 
wt 
gain (g) 
'~owt 
gain 
Avg. Daily A vg. food food energy intake intake intake (g)*3 (%)*4 (kcaD*5 
Feed efficiency Mortality 
(%)*6 (%) 
Pooled SEM 
O 
lO 
20 
40 
OO 
Initial 
ll.04 
lO. 88 
11.06 
10.92 
ll.07 
Final 
21.69 
23.21 
23. 49 
2.96 
23. 44 
l0.65 a*7 
12.33 a 
12.43 a 
12.04 a 
12.37 a 
O. 497 
196
213 
212 
210 
212 
12. 18 
13.35 
13.93 
14. 74 
15. 92 
1.77 a*7 
1.87 ab 
1.93 abc 
2.07 cd 
2.20 d 
0.054 
51.3 
54.5 
58. 4 
60. 4 
63. 9 
87.4 bc*7 
92.4 c 
89.3 c 
81. 7 ab 
77. 7 a 
1. 95 
o 
o 
o 
O 
o 
* I Average value of duphcate tanks containing 30 fish each reared for 6 weeks at 16'C. 
*2 Substitution level (%) of soy protein for fish meal protein. 
*3 Total food intake for 6 weeks per individual (dry weight basis). 
*4 Daily food intake rate (% of wet biomass). 
*5 Total digestible energy intake for 6 weeks per individual. 
*6 Expressed as (wet weight gain/dry food intake) X 100. 
*7 Values in the same column folbwed by a different letter are significantly different (P<0.05). 
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かった。増重率は，1区でやや劣るものの試験区間に有意な差はなかった。日間摂餌率は，大豆粕
の含有率が高くなるほど高くなり，大豆粕の含有率の高い4区および5区は基本飼料区（1区）に
比べ有意に高かった。一方，飼料効率は，4区および5区が2区および3区に比べ有意に低かった。
なお，1，2および3区の間の飼料効率には有意差はなかった。
　魚体一般成分　試験開始時および終了時の魚体の一般成分の分析結果をTable4に示した。試験
開始時に比べ終了時では，各区で水分含量が減少し，粗タンパクおよび粗脂肪含量が増加する傾向
がみられた。試験終了時の各試験区間では水分，粗脂肪および灰分含量に差はなかったが，粗タン
パク含量は飼料効率の最も低かった5区で高く，飼料効率の最も高かった2区との間に有意な差が
みられた。
Table4。　Effect　of　dietaτy　treatment　on　the　whole　body　composition（％）of　fklger㎞g　rainbow　trout
DietNo．
Substitution
Ievel　of　soy　　　　Moisture
protein（％）＊1一　　輔
Cr d 　proteh1Cnlde　fat Ash
At　start
　1
　2
　3
　4
　5
Pooled　SEM
0
10
20
40
60
76．5
73．O　a＊2’3
73．1a
72．9a
72．7a
72．8a
O．32
15．5
15．9ab＊2β
15．5a
16，0ab
16，1ab
16．3b
O．16
4．1
7．2a＊2・3
7．5a
7．5a
7．3a
7。5a
O。40
2．6
2．5a＊2・3
2．4a
2．4a
2．5a
2．4a
O。05
＊1See　the　footnote　of　Table3．
＊2Average　value　of　two　pooled　samples（4盒sh／sample）from　each　group　reared　for6weeks　at16℃．
＊3Values　in　the　same　column　foUowed　by　a　different　letter　are　signmcImdy　d巌erent（P＜0。05）。
　タンパク質およびエネルギーの消化吸収率および蓄積率　各試験区における飼料タンパク質およ
びエネルギーの見かけの消化吸収率をTable5に，それぞれの魚体への蓄積についてTable6に示
した。消化吸収率については各試験区とも2水槽分を1つにまとめて採糞したため，試験区間の差
を統計的には検定できなかったが，タンパク質の消化吸収率は魚体の粗タンパク含量にみられたの
と同様，大豆粕の含量率の高い4および5区の値が1～3区よりやや高かった。一方，エネルギー
Table5．　Effect　of　dietaπy　treatment　on　the　apparent　dlgestibility　of　protein　and　energy
　　　　of　finger』ng　ra㎞bow　trout
DietNo．
Subs廿tudon
level　of　soy
pr・tein（％）＊1
Digesdbihty
of　prote血（％）
Digestibihty
of　energy（％）
1
2
3
4
5
0
10
20
40
60
90．6＊2
89．2
90．9
91。4
92．2
89，5＊2
86．9
86。8
84、2
81．2
＊1See　the　footnote　of　Table3．
＊2Values　of　pooled　sample　ffom　dup駐cate　tanks　for　coHecting　feces　at16℃。
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Tab監e6・E狂ect・f磁曼鱒treatment・nthepr・te面andener訂dep・sid・ns・f血ger㎞gra血b・w往・ut
DietNo．
Substitution
leve1。fs。y　AvgPr・te血
pr。te血（％）＊・depos虻ed（9）
％prote血　　　　　　Avg・eneτgy　　　　　　％energy
dep・sited＊2　dep・sited（kcal）　dep・sited＊3
　1
　2
　3
　4
　5
Pooled　SEM
0
10
20
40
60
1．74a＊4’5
1．92a
2、04a
2．00a
2．12a
O．10
29．1a＊4・5
29，0a
29，6a
27．2a
26．9a
1．00
20．6a＊4’5
23．2a
24．2a
24．Oa
24．1a
1．17
36．1b＊4’5
37．1b
36．Ob
33，4ab
30．6a
1．35
＊1See　the　footnote　of　Table3．
＊2Expressedas（averageproteindeposited／averageproteinintake）×100．
＊3Expressedas（averageenergydeposited〆averageenergyintake）×100．
＊4Average　value　of　two　pooled　samples（4fish／sample）from　each　group　reared　for6weeks　at16。C．
＊5Values血the　same　column　fo皿owed　by　a　different　Ietter　are　sign而㎝tly（斑ferent（P＜0．05）．
の消化吸収率は，大豆粕の含有率が高くなるにつれて低くなる傾向がみられた。
　タンパク質の蓄積総量は，大豆粕含有率の高い3～5区で含有率の低い1および2区より多く
なったが，タンパク質の蓄積率は大豆粕含有率の低い1～3区で含有率の高い4区および5区より
高くなった。しかし，いずれも有意差は認められなかった。エネルギー蓄積総量は，大豆粕含有率
が高くなるにつれて増加する傾向が認められたが有意差はなかった。一方，エネルギーの蓄積率は，
大豆粕含有率の高い4および5区で含有率の低い1－3区に比べ低く，特に5区の値は有意に低
かった。つまりタンパク質の蓄積の場合と同様，エネルギー蓄積率の低い，すなわち大豆粕含量の
高い試験区でエネルギー蓄積総量が多くなる傾向がみられた。
考 察
　大豆粕による北洋魚粉の代替率　大豆粕を含まない基本飼料（粗タンパク49％，飼料中の魚粉含
量64％）の北洋魚粉を，その粗タンパク含量の60％をメタノール処理大豆粕で代替し，必須アミノ
酸を添加し必須アミノ酸含量を等しくすることにより（魚粉26％，大豆粕46％），基本飼料区と同
等の成長が得られた。しかし，飼料効率やエネルギー蓄積率が大豆粕タンパク代替率40％以上（4
区および5区）になると著しく低下した。したがって，大豆タンパクによる最も効果的な魚粉タン
パクの代替率は20％（魚粉51％，大豆粕15％）であるが，60％の代替率でも飼料効率の低下は認め
られたが，成長にはほとんど差のないことが明らかとなった。
　Muraiら（1989）は同じニジマスを用いて大豆粕による沿岸魚粉の代替について検討した。大豆
粕を全く含まない基本飼料との比較で，メタノール処理をした大豆粕に必須アミノ酸を添加するこ
とで，基本飼料（粗タンパク50％，魚粉56％）中の沿岸魚粉の77％を置換した飼料（魚粉13％，大
豆粕48％）で飼育し，飼料効率は低下したが。基本飼料区の87％の成長を得ている。一方，基本飼
料（粗タンパク45％，魚粉35％）中のペルー魚粉の75％を，加熱等の処理をした5種類の大豆粕で
置換した飼料（魚粉10％，大豆粕50％，メチオニン添加）によっても，成長，飼料効率等何ら悪影
響はなかったとの報告（Taconら　1983）がある。また，大豆粕を含む基本飼料中の魚粉との代替
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率については，基本飼料（粗タンパク47％，魚粉35％，大豆粕10％）中のニシン魚粉の50％を大豆
粕で置換した飼料（魚粉18％，大豆粕39％，メチオニン添加）によっても，成長‘飼料効率等に悪
影響はないという報告（Choら　1974）・基本飼料（粗タンパク§9％，魚粉20％，大豆粕25％〉中
のニシン魚粉の75％を溶媒抽出大豆粕で置換した飼料（魚粉5％，大豆粕56％）によっても，成長，
飼料効率には何ら悪影響はないという報告（Reinitz　1980），基本飼料（粗タンパク41％，魚粉
28％，大豆粕10％）の魚粉の39％を大豆粕で置換し，必須アミノ酸を補足した飼料（魚粉17％，大
豆粕26％）によっても，基本飼料区と同等の成長と飼料効率を得たという報告（Dabrowskaら
1977）がある。これらの報告と比較して今回の試験では，大豆粕含量が高い（31～46％）飼料区の
4区および5区では成長は劣らないものの，飼料効率が低くなるという点で異なっているが，彼ら
の試験では基本飼料中の魚粉含有率がそもそも20～35％と低く，またTaconら（1983）の試験を
除き，基本飼料中にすでに大豆粕が含まれており，魚粉の一部を大豆粕で置換しても，飼料原料に
占める魚粉の割合の変化が小さい。つまり飼料原料中の魚粉の減少量が11～25％で，これは本試験
では1区に対する3区と4区の間に相当する。それに比べ，Muraiら（1989）や今回の試験では基
本飼料中の魚粉の含有率が高く（56および64％），大豆粕と置換することにより，飼料原料に占め
る魚粉の割合に大きな変化が生じたこと（魚粉減少量43％および6～39％〉がTaconら（1983）
以下の試験結果との相違の原因と考えられる。なお，Muraiら（1989）の試験飼料が今回の試験飼
料と，粗タンパクおよび粗脂肪含量が同等であること，メタノール処理をした大豆粕を使用してい
ることおよび基本飼料の必須アミノ酸組成と等しくなるよう結晶アミノ酸を添加していること等飼
料組成が類似しているにもかかわらず，試験飼料区の成長が基本飼料区に比べ劣っているが，これ
はMuraiら（1989）の試験飼料中の魚粉含量が今回の試験飼料に比べ少ないことおよび使用した
魚粉の種類が異なることが主な原因と考えられる。
　タンパク質およびエネルギーの消化吸収率および蓄積率の変化　大豆粕含有率が高くなるにつれ，
飼料タンパク質の消化吸収率が若干高まるものの，タンパク質の蓄積率は劣る傾向がみられたこと
から，本試験に使用した大豆粕タンパクは魚粉タンパクより消化吸収され易いが，吸収されたタン
パク質のうち，分解されてエネルギー源となる割合が多いのではないかと考えられる。また，大豆
粕含有率の増加に伴い可消化エネルギー摂取量が増加するものの，エネルギーの消化吸収率や蓄積
率は逆に減少したが，これは，試験飼料のエネルギー含量を調整する目的で大豆粕含量の増加に伴
いα澱粉含量を減少させたことにより，α澱粉に比べ大豆粕に含まれる炭水化物の利用率が著しく
悪かったことが原因と考えられる。このため，大豆粕高含有区では体内で有効に利用されるエネル
ギーが少なく，大豆粕の含有率が高くなるほど，日間摂餌率が高くなり，エネルギー摂取量を増加
させたものと思われる。以上のことから，メタノール処理大豆粕は，タンパク質の消化吸収率とい
う面では北洋魚粉と同等に優れているが，エネルギー利用率が悪く，魚粉との代替可能率が低かっ
たと考えられるため，今後は，エネルギー源として良質の油脂をさらに添加した場合の大豆粕タン
パクの蓄積率の変化等について調べる必要がある。
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要　約
　　　　　　　　　　　　　　　　　　　　　“
　これまで大豆油粕，コーングルテンミールおよびミートミール等が魚粉代替原料と
して有望な素材であることが明らかにされてきている。ヒ♂しかしながら，これら既
存の素材と同等あるいはそれ以上に魚類にとって栄養価の高い，あるいはこれらと併
用することにより飼料のアミノ酸バランス等栄養価がより向上する原料を探索し，魚
粉代替原料の多様性を確保することは，代替原料の流通量や価格の変動に対処し，安
定的な魚粉代替原料配合飼料を供給するために怠ってはならない研究課題である。
　水産庁養殖研究所では，平成4年度からの4年間，麟麟麦酒株式会社と共同研究契
約を締結し，「ビール粕精製粉末豪芽タンパクの養魚飼料への利用に関する研究」を
実施した。このピール粕精製粉末麦芽タンパク（以下，麦芽タンパク質と呼ぶ）は，麟
麟麦酒がビール粕から機械的処理のみにより分離精製した高タンパク質含有物質で
ある。ビール粕は従来，牛の飼料用として流通していたが，近年の都市近郊における
酪農業者の減少等によりその消費が落ち込んできたため，ビール企業はビール粕の新
たな用途を開発する必要に迫られている。ψ　ビール粕自体は粗タンパク質含量が
25％程度と魚粉代替原料としては低く，また，魚類にとっては消化しにくい麦芽の穀
皮由来の繊維質が多く含まれているため，養魚飼料原料としての利用性はほとんど検
討されていなかった。ゆ麦芽に含まれるデンプン等の可消化性の炭水化物は，ビール
製造の糖化工程で麦芽のマルターゼにより可溶化されビール発酵の原料となる麦汁
へ移行するが，主として麦芽の糊粉層およびその胚乳側に局在するタンパク質の大部
分はビール粕に残っている。姻　そのため，同社は養殖研究所を始めとする農林水産
省試験研究機関の助言の下に，魚類にとっては消化しにくい麦芽の穀皮を機械的に除
去する技術を開発した。ψ麦芽タンパク質は穀皮由来の繊維質を減少させることに
より，タンパク質含量を50％程度に高めた全く新しい原料である。養殖研究所では，
麦芽タンパク質の持つタンパク質含有量の多さ，比較的優れたアミノ酸バランスおよ
び大豆油粕に不足しているメチオニンやシスチンといった含硫アミノ酸の含有率の
高さ，食品産業副産物から機械的処理のみで製造されたことによる安全性等の面に着
目し，本原料が魚粉代替原料の1つとして有望であろうとの予測のもとで本共同研究
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を推進するに至った。また，利用されずに処分されていた廃棄物を養魚飼料に利用す
ることは，資源の有効活用および地球環境の保全という観点からも重要であると考え
た。
　本章では，この麦芽タンパク質が魚粉代替原料としてどの程度の潜在能力があるか
を明らかにするため，まずは麦芽タンパク質単独による魚粉代替可能率を検討した。
　第1節ではニジマス稚魚を用いて2種類の試験を実施した。試験1では，魚粉を唯
一のタンパク質源とする対照飼料（粗タンパク質40％，粗脂肪15％〉と，対照飼料の
魚粉のうち，粗タンパク質換算で20，40，60および80％を麦芽タンパク質により置
換した試験飼料を作製した。これらの飼料は水温17℃の下で平均体重10gのニジマ
スに1日2回，6週間にわたり飽食量給与し，麦芽タンパク質の添加が増重率，飼料効
率，全魚体の一般成分，飼料のタンパク質とエネルギーの消化吸収率および両者の魚
体への蓄積率等に及ぼす影響を検討した。試験2では，試験1における麦芽タンパク
質配合飼料のアミノ酸バランスを改善し，飼料タンパク質の栄養価を向上させる目的
で，同飼料への結晶アミノ酸の補足効果を検討した。試験1と同様の組成の対照飼料，
同飼料中の魚粉タンパク質の20，40，60，80および100％を麦芽タンパク質で置換し，
対照飼料の必須アミノ酸含量を満たす量の結晶アミノ酸を添加した飼料，および麦芽
タンパク質により魚粉を100％置換し結晶アミノ酸を補足しない飼料を作製した。こ
れら飼料は試験1と同様の飼育条件の下で平均体重11gのニジマスに給与し，同様の
調査項目から麦芽タンパク質配合飼料への結晶アミノ酸補足の効果を検討した。
　第2節ではマダイ稚魚を用いて，麦芽タンパク質による魚粉代替可能率を推定した。
飼料の基本的な組成は第1節と同様であるが，対照飼料の粗タンパク質含量を52％
に設定し（粗脂肪15％），麦芽タンパク質による魚粉タンパク質の置換率は10，20，30，
40および50％とした。また，マダイ稚魚用飼料における大豆油粕の利用性を麦芽タ
ンパク質と比較するため，市販の加熱処理された飼料用大豆油粕（以下単に大豆油粕
と呼ぶ）により魚粉のタンパク質を20％置換した試験飼料も併せて作製した。これ
らの飼料は水温23℃の下で，平均体重10gのマダイに1日2回，6週問にわたり飽食
量給与し，前節と同様の調査項目から，麦芽タンパク質または大豆油粕の添加の影響
を検討した。
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》、その結果，各試験において，試験魚は麦芽タンパク質配合飼料を活発に摂餌し，麦
芽タンパク質の嗜好性は良いと判断された。第1節の試験1では，麦芽タンパク質に
ょる魚粉置換率20％飼料では対照飼料より優れた増重率を示し，同40％置換飼料に
おいても対照飼料で得られた増重率や飼料効率と遜色なかった。一方，有意差は認め
られないものの魚粉の60％を置換した飼料における増重率や飼料効率は対照飼料に
比べてかなり低く，飼育を延長することによりさらに低下することが懸念された。摂
餌率や全魚体の一般成分には試験区間に大きな差は認められなかった。一方，飼料の
タンパク質およびエネルギーの見かけの消化吸収率は麦芽タンパク質配合率の増加
に従い低下する傾向がみられた。また，飼料のタンパク質およびエネルギーの魚体へ
の蓄積率は，魚粉を60％以上置換した飼料では対照飼料より劣った。試験2において
は，飼料のタンパク質の見かけの消化吸収率がアミノ酸を補足した飼料では対照飼料
と大差なく，エネルギーの消化吸収率も試験1に比べ魚粉の60％以上を置換した飼
料において改善される傾向がみられた。また，魚体へのタンパク質およびエネルギー
の蓄積率は魚粉を60％置換した飼料においても対照飼料との間に有意な差が認めら
れず，同飼料における増重率や飼料効率も対照飼料と遜色なかった。しかしながら，
魚粉の80％以上を置換した飼料におけるこれらの値は有意に劣った。第2節のマダ
イ稚魚においては，麦芽タンパク質により魚粉タンパク質を30％置換した飼料では
対照飼料と同等の増重率が得られ，全魚体の一一般成分や飼料のタンパク質の見かけの
消化吸収率にも差がみられない一方，飼料効率は最も優れた。しかしながら魚粉の
40％以上を置換すると，増重率や飼料効率が低下する傾向がみられた。同様の傾向が
飼料のタンパク質やエネルギーの魚体への蓄積率にも認められた。大豆油粕配合飼料
における増重率，飼料効率および飼料成分の魚体への蓄積率等は対照飼料と同等であ
った。
　これらの結果から，麦芽タンパク質は魚粉代替原料の1つとして有望な素材である
ことが明らかとなった。魚粉をタンパク質源とする対照飼料で得られた増重率，飼料
効率，タンパク質およびエネルギーの魚体への蓄積率を達成できる麦芽タンパク質に
よる魚粉代替可能率はタンパク質換算で，ニジマス稚魚用飼料では40％，マダイ稚魚
用飼料では30％であると推定された。また，ニジマスでは不足すると考えられる必須
37
アミノ酸を補足することによりタンパク質の利用効率が改善され，魚粉の60％を麦
芽タンパク質により置換することが可能であると推察された。
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Utilization of Malt Protein Flour in Fingerling Rainbow Trout Diets* 
Takeshi Yamamoto, Panayiota A. Marcouli, Tatsuya Unuma, and Toshio Akiyama 
Nutrition Section. Inland Station, National Research Institute of Aquaculture, Tamaki, Mie 519-04, Japan 
(Received December 16, 1993) 
Two feeding experiments were con_ducted to evaluate malt protein fiour (MPF) as an alternative 
protein source for the diet of rainbow trout Onco,'hynchus mykiss fingerlings. MPF is a new protein rich 
by-product from brewer's spent grain. Experiment I was conducted to clarify the suitable substitution 
level of MPF for white fish meal (WFM) in the diet. The control diet, containing WFM as the sole 
protein source, and isonitrogenous (400/, crude protein) experimental diets, containing MPF substituted 
for 20 to 80'/, of WFM proteln, were fed to fish with an average initial weight of lOg for 6 weeks. 
Weight gain and feed efficlency in fislr fed the diet substituting MPF up to the 60'/. Ievel were not 
different (p > O.05) from those in fish fed the control diet. There were no significant differences in protein 
and energy retention between O to 40~/, substitution level. In Experiment 2, crystalline essential amino 
acids (EAA) were supplemented in the diets containing MPF to simulate the EAA composition in the 
control diet. Consequently, no significant differences were detected in protein and energy retention 
between O to 60"/, substitution level. Thus, these results suggest that MPF is a promising alternative 
protein source for the diet of fingerling rainbow trout. 
Key words: alternative protein source, malt protein flour, rainbow trout, essential amino acid, 
digestibility, white fish meal 
Fish meal has been used as a protein source traditionally 
in fish diets because of its high nutritive value. However, 
the fish culture industry is increasingly apprehensive that a 
shortage of fish meal may occur, due to both the increasing 
demand from the expansion of aquaculture and decreases 
of wild fish resources that are materials for fish meal. Many 
studies have been conducted on the utilization of plant 
proteins, especially of by-products from food industries, to 
develop alternative protein sources for fish meal. Soybean 
meal (SBM) has been found to be a good protein source 
and currently it is commonly incorporated in commercial 
fish diets. I ~ 3) 
Malt protein fiour (MPF) is a new plant protein made 
from brewer's spent grain (BSG) which is a by-product of 
beer brewing. There are two steps for brewing; the first step 
is saccharification and the following step is fermentation. 
After saccharification, the solids are filtered away and BSG 
is obtained. BSG has been used as feed for cattle. However, 
the amount of consumption is decreasing due to a decline 
of livestock industry neighboring towns where, in Japan, 
the brewery exists. BSG is considered to be unsuitable as 
a protein source for fish diets because of its low protein 
content and high fiber content. MPF is obtained through 
the mechanical removal of the husk of BSG with a special 
rolling mill and a seive, resulting in a protein-rich ingredient 
like SBM. 
The purpose of this study was to evaluate the nutritional 
value of MPF as an alternative protein source for the diet 
of fingerling rainbow trout Oncor/1ynchus mykiss. Two 
feeding experiments were conducted; the objective of 
Experiment I was to clarify the suitable substitution level 
of MPF for white fish meal (WFM) In the diet and that of 
Exp riment 2 was to assess the effect 
of crystalline essential amino acids 
containing MPF. 
of upplementation 
(EAA) to the diets 
Mat rials and Methods 
Clle,nica! Featu,'es of MPF
The general prox mate analyses f MPF are shown in Table I . Protein 
content was about 500/0, a value equivalent to that of SBM. Fat content 
was about 130/0 and fatty acids were mostly composed of 18 : 2n-6 and 
16:O. Dietary fiber content was about 300/0, made up of hemicellulose, 
cellulose and so on. The content of digestible carbohydrates such as starch 
is quite low in MPF because most were saccharified before BSG filtration. 
The MPF used in the pr se t feeding experiments had a moisture of 100/., 
protein content of 470/., and fat content of I I o/o. 
Experi,nenta! Diels 
The formulation and proximate analyses of the test diets in Experiment 
l are presen d in Table 2. WFM was used as a sole protein source to 
provide approximately 40"/, crude protein in the control diet (diet 1). In 
diets 2 to 5, 20 to 80"/, of WFM protein in the control diet was 
isonitrogenously replaced by MPP. Fat content in diets was adjusted with 
Table 1. Chemical composition of malt protein flour 
Moisture 
Crude protein 
Crude fat 
Crude ash 
Di tary fiber 
-hemicellulose 
-cellulose 
-lignin 
-others 
4.80/o 
50. 3 Dlo 
13.20/0 
1.6Q/o 
30.90/o 
16.20/0 
7.2Gla 
5.50/0 
2_Oo/o 
* Abst. Meetg. Japan. Soc. Sci. Pish., October, 1992, p 191 (in Japanese). 
39 
456 Yamamoto et a!. 
pollock viscera oil to provide approximately ISo/. crude fat. Gelatinized 
potato starch was supplemented to adjust gross energy content. Chromium 
oxide was supplemented as an indicator for the ana]yses of apparent 
digestibility of the nutrients. The ingredients were thoroughly mixed, 
moistened and pelleted in a California pellet mill. 
The formulations and proximate analyses of the test diets in Experiment 
2 are shown in Table 3. Dietary compositions are basically the same as 
those used in Experiment I , except for supplementing crystalline EAA 
in the diets and for replacing 100"/o of WFM protein by MPF in diets 6 
and 7. Diets 2 to 6 were supplemented with EAA to simulate the EAA 
composition in the c ntrol d et. Alanine and glycine were supplemented 
in diets I to 4 to equalize the amount of supplemented crystalline amino 
acids after Murai et a!.4) D et 7 was not supplemented with amino acids 
in order to me ure the apparent digestibility of MPF protein per se. 
Tab]e 2. Formulations and proximate analyses of the diets m 
Experiment l 
Diet no. 
2 4 5 3 
MPF (o/o)*1 o 20 40 60 80 
Ingredient ("/, wet weight) 
*2 White fish meal (66'/. CP) 
Malt protein fiour (47'/, CP) 
Gelatinized potato starch 
Pollock viscera oil 
Vitamin mix*3 
Mineral mix*4 
Cellulose 
Chromium oxide (50"/.)*5 
CMC*6 
60.4 
O 
19.9 
9.7 
2.0 
2.0 
O 
l .O 
S.O 
Analysis ('/, dry weight) 
Crude protein (N x 6.25) 39.9 
Crude fat 15.6 
Gross energy (kcal/1 OO g diet) 5 1 l 
48.3 
1 .1 
l 3.7 
8.9 
2.0 
2.0 
2.0 
l .O 
5.0 
36.2 
34.2 
7.0 
8. l 
2.0 
2.0 
4.5 
l .O 
5.0 
24.2 
5 1 .3 
O 
7.4 
2_O 
2.0 
7.l 
1 .O 
5.0 
l 2. l 
68.5 
O 
6.6 
2.0 
2.0 
2.8 
l .O 
5.0 
41 .4 41 .4 41 _2 41 .3 
l 6.0 1 6.3 1 6.4 1 6.4 
508 500 5 1 7 526 
Fish and Feeding Procedu"e 
The finger]ing rainbow rout for feeding experiments were transferred 
~from Shiga Prefectural Samegai Trout Farm. Japan. All fish were 
acclimated to the experimental conditions for 2 weeks- Thirty fish were 
stocked with two replicates for each dietary treatment into an polyvinyl 
chloride tank (50 x 20 x 30 cm, holding 20 1 of water), supplied with well 
water (17:~0.1'C) at a rate of I l/min. The initial mean body weights of 
the test fish in Experiments I and 2 were about 10 g and 1 1 g, respectively. 
Just before the start of feeding experiments, I O fish were randomly sacrificed 
and stored at -20'C for proximate analyses of the whole body. The fish 
were fed the test diets to satiation by hand twice a day (8 : 30 and 1 5 : 30), 
6 days a week for 6 weeks. The fish were weighed every 2 weeks after 
being anesthetized with 0.010/. ethyl 3-aminobenzoate methanesulfonic 
acid. At the end of each cxperiment, 4 fish were randomly sampled from 
each tank and stored at -20'C for proximate analyses. After the 6-week 
feeding experiments, fish of each tank were transferred to a round tank 
designed for feces collection, and an adequate amount of feces for the 
chemical analyses was collected for each dietary treatment. 
$1 . 
1'~2 . 
*3 
*4 -
~5 . 
1,6 . 
Substitution level of malt protein fiour for whitc fish meal protein in diet l. 
Trident Seafoods Co., Ltd., Seattle WA, U.S.A. 
Each vitamin content is corresponding to 44D/o of the premix reported by 
NRC.lll 
U.S.P Xll salt mixture with trace elements.:il 
Chrornium oxide : cellulose= I : l. 
Sodium carboxymethylcelLulose. 
Ana!ytical Methods 
Proximate analyses of the test diets and the whole body were carried 
out by the methods of Akiyama et a!. 51 Based on these analyses, amounts 
of protein and energy retained in body and the efficiencies of retention 
were calculated by the methods of Murai et al. 6) Chromium oxide in the 
test diets and feces were analyzed according to the method of Furukawa 
and Tsukahara.?' 
For Experiment 2, amino acid compositions of WFM and MPF were 
determined after hydrolysis in 6 N HCI at I I O'C for 22 h. The ninhydrin 
reactive substances of the hydrolyzed materials were analyzed by an 
automatic amino acid analyzer (Beckman Model 6300) using a single 
column and lithium buffer system. Tryptophan content was determined 
with the method presented by Penke et a!, s} and cystine content by the 
methods of Moore. '; Table 4 shows the amino acid compositions of WFM, 
MPF, and methanol treated SBM used in our previous experiment. I o] 
Table 3. Formulations and proximate analyses of the diets in Experiment 2 
Diet no. 
1 2 3 4 s 6 7 
MPF (a/o)*l o 20 40 60 80 1 OO l OO 
Ingredient ('/, wet weight) 
*2 White fish meal (660/. CP) 
Ma]t protein fiour (47~/. CP) 
Gelatinized potato starch 
Pollock viscera oil 
Vitamin mix*3 
Minera] mix*4 
EAA mix*5 
NEAA mix*6 
Cellulose 
Chromium oxide (50'/,)*7 
CMC*8 
60 4 
O 
17.0 
9.7 
2.0 
2.0 
O 
3.9 
O 
l .O 
4.0 
48.3 
17.l 
l0.3 
8.9 
2.0 
2.0 
l .O 
2.9 
2.5 
l .O 
4.0 
36.2 
34.2 
3.6 
8. l 
2.0 
2.0 
2.0 
l .9 
5.0 
1 .O 
4.0 
24.2 
51.3 
O 
7.4 
2.0 
2.0 
2.9 
i .O 
4.2 
l .O 
4.0 
l 2. l 
68.4 
O 
6.6 
2.0 
2.0 
3.9 
O 
0.2 
l .O 
4.0 
O 
78.6 
O 
6.6 
2.0 
2.0 
5.8 
O 
O 
l .O 
4.0 
O 
85. 1 
O 
5.9 
2.0 
2.0 
O 
O 
O 
l .O 
4.0 
Analysis Co/o dry weight) 
Crude protein (N x 6.25) 
Crude fat 
Gross energy (kcal/1 OO g diet) 
45.3 
15.2 
49 3 
45.7 
15.6 
51 l 
46.5 
15.5 
525 
46 . l 
l 5.9 
535 
45.7 
l 6.2 
543 
44.7 
17.1 
562 
42.6 
17.3 
564 
*1-4,7.B: See the footnote ofTab[e 2 
*5 : Essential amino acids of Lys HCI : Arg : Met : Ile: Val : His :Trp=30 : 10 : 
*e : Non essential amino acids of Ala: Gly=60: 73 after Murai e' a!.4] 
lO : 9 4:4: I. 
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Average weight gain, feed efliciency, whole body composition, amounts 
of protein and energy retained and their e~iciencies were analyzed for 
statistical significance (p<0.05) according to the method of Duncan.11) 
However, statistical analyses of the apparent digestibilities of protein and 
energy were not carried out because feces were collected as a single sample 
~ooled from duplicated tanks for each dietary treatment. 
Table 4. Amino acid compositicns of dietary protein sources 
Protein source 
Soybean mea]* 1 
Results 
White fish mea] Malt protein flour 
O/ *2 lO o/o in P*3 o~ *2 Q/o in P*3 o;4 *2 a/Q in P*3 
Arginine 
Histidine 
Isoleucine 
Leucine 
L ysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Trypto phan 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycinc 
Proline 
H ydroxyproline 
Serine 
Taurine 
4.52 
l .43 
3.05 
5.79 
5.75 
2.22 
O 92 
3.05 
2.66 
3.33 
0.43 
3.42 
4.3 l 
6.31
l0.4?
4. ~ 7 
3,ll 
0.41 
3.39 
0.25 
6.83 
2.16 
4.61 
8.74 
8.68 
3.35 
l ,39 
4.61 
4.02 
5.02 
0.64 
5, 1 7 
6,51 
9.52 
l 5.8 l 
6.29 
4,69 
0.63 
5,12 
0.38 
2.32 
0.92 
l .84 
4.33 
l .57 
0.82 
1.16 
2.71 
l .80 
l .51 
0.25 
2. I O 
2.34 
2.75 
l I .52 
l .65 
5.03 
4.97 
l .97 
3+93 
9.27 
3.35 
1 .74 
2.49 
5.80 
3.86 
3.23 
O.53 
4.50 
5.01 
5.89 
4.65 
3.52 
l0_77 
not detected 
2, 1 6 4.63 
not detected 
4.02 
~ .27 
2.45 
4,46 
3 ,42 
0.66 
0.89 
2.80 
2.03 
2,18 
0,26 
2.31 
2.43 
6.02 
ll.18 
2.32 
2.87 
7.93 
2.50 
4.83 
8.80 
6.75 
l .30 
l .76 
5.54 
4.01 
4.30 
0.51 
4.56 
4,79 
l I ,90 
22 , I O 
4.58 
5,66 
not detected 
2.95 S.84 
not detected 
Performance of Fish in Feeding Experiments 
In both Experiments I and 2, percentage weight gain and 
fe d efficiency in fish fed the diet containing MPF up to the 
60'/, substitution level (diet 4) were not different (p > 0.05) 
from th s  in fish fed the control diet (Table 5). In addition, 
percentage weight gain in fish fed diet 2 (MPF substitution 
level of 20 '/.) in Experiment I was significantly higher 
(p < 0.05) than in fish fed the control diet. In Experiment 
2, diets containing MPF at 20 to 60'/, substitution levels 
showed a good growth rate similar to the control diet. 
Higher supplementation of MPF (MPF substitution levels 
of 80 and I OO "/,) in both experiments, however, significantly 
10wered growth rate and feed efficiency as compared with 
the control diet. 
In both experiments, daily food consumption rate in the 
fish fed the diet containing MPF up to the 80'/, substitution 
level (diet 5) did not significantly decrease. However, the 
rates in the fish fed the diet of I OO'/. MPF Ievel in 
Experiment 2 (diets 6 and 7) were siguificantly lower than 
the control diet. 
Whole Body Composition of Experimental Fish 
At the end of both experiments, moisture decreased and 
fat content increased in comparison with initial values 
(Table 6). In Experiment I , there were no significant dif-
ferences in moisture, protein nor fat content among the 
treatments. In Experiment 2, there were significant differ-
ences in moisture level among the groups, however, no 
specific trends were detected. Protein and fat contents were 
not different between the dietary treatments. 
,tl . 
~2 
*3 . 
Defatted soybean meal treated with methanol.lol 
Percentage content in each protein source. 
Perccntage content in protein of each source. 
Apparent Digestibilities of Dietary Protein and Energy 
In Experiment I , apparent digestibility of dietary protein 
Table 5. Performance of fingerling rainbow trout fed diets contajning different leveis of malt protein flour*l 
Diet no MPF*2 
('/') 
A. vg. body wt (g) 
Initial Final 
Avg. wt 
gain 
(g) 
Avg. food Weight Feed*3 
intake gain efiiciency (g) ('/.) (o/.) 
Daily food*4 
consumption 
('/o) 
Mortality 
('/.) 
Expt. l 
2 
3 
4 
5 
Pooled SEM 
o 
20 
40 
60 
80 
9.80 
9.70 
9.56 
9.76 
9.68 
23.98 
26.39 
24.72 
21 .95 
19.89 
l 4. 1 8 
l 6.69 
15.16 
12.19 
l0.21 
15.38 
17.02 
16. I l 
14.51 
13.13 
145b**5 
1 72d 
l 58'd 
125'b 
105a 
7.2 
92.2be*5 
98.2c 
94, I c 
84,0ab 
77.6a 
2,24 
2. 1 7** 5 
2.25' 
2.24' 
2, 1 8* 
2.1 1' 
O.078 
o 
o 
O 
o 
o 
Expt. 2 
l 
2 
3 
4 
5 
6 
7 
Pooled SEM 
O 
20 ( + EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( +EAA) 
l OO ( + EAA) 
l OO 
l0.89 
lO.89 
l0.90 
l0.76 
l0.91 
l0.69 
l0.82 
26.41 
26.95 
25.89 
25.29 
21 .65 
~8.91 
17.96 
l 5 .52 
16.06 
14.99 
14.53 
l0.74 
8.22 
7.14 
i7.09 
l 7.46 
l 7.43 
l 7. 50 
14.57 
l 2. 57 
12.lO 
143' 
148' 
1 3 7' 
1 35' 
98b 
77' 
66' 
4. 8 
90.8･d 
92.0d 
86.0'd 
83.1' 
73.7b 
65.3* 
58.9-
2.40 
2. 1 8b' 
2.20b' 
2.26'd 
2.3ld 
2.13b 
2.02' 
2.00a 
O.030 
o 
o 
o 
o 
o 
o 
･1 . 
,~2 . 
*5 . 
~4 . 
*S * 
*6 
Averagc value of duplicate tanks containing 30 fish each reared for 6 weeks at 17'C 
See the footnote of Table 2. 
Expressed as 100 x wet weight gain/dry food intake. 
Expressed as 100 x food intakc/[{(initial weight+ final wcight)/2} x rearing period (days)]. 
Values in thc same column followcd by a differcnt lettcr are significantly di~ierent (p<0.0S). 
( + EAA) means supplementation of cssential amino acids to simulate the essential arnino acid composition in diet l 
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in fish fed the diet containing MPF at 800/0 substitution 
level was lower than the other groups (Table 7). In 
Experiment 2, however, the digestibility of protein in the 
fish fed the diet of 80 and 100~/. MPF Ievel (diets 5 and 6) 
was improved up to the same level as that of the control 
group. Digestibility of MPF protein pe,' se was 81.70/0. 
Digestibilities of dietary energy are shown in the same 
table. In Experiment 1, digestibility of energy tended to 
decrease as the substitution level of MPF increased. In 
Experiment 2, however, digestibility of energy in fish fed 
the control diet and diet 2 showed no difference. The 
Table 6. Effect of dietary treatment on 
position of fingerling rainbow trout~l 
the whol  body com-
(o/.) 
digestibilities of energy n fish fed other diets supplemented 
with EAA were almost constant at around 75"/o. Digestible 
energy content in each diet reflected the tendancy of 
digestibility of energy in both Experiments I and 2. 
Retention ofDieta,y P,'otein and Ene,gy in Body 
In Experiment I , retention of protein was high in fish fed 
diets containing MPF at O to 40'/. substitution levels (diets 
 , 2, and 3), and gradual]y decreased at and above the 60'/* 
substitution levels (Table 8). In Experiment 2, however, 
retentio  of protei  ven in the fish fed the diet of 60'/* 
substitution level was improved and no significant difference 
was detected between this group and the control group. 
Diet no. MPF*2 ('/~) Crude Crude Moisture rotein fat 
Table 7. Effect of dietary treatment on the apparent digestibility 
of protein and energy of fingerling rainbow trout*1 
Expt l 
Init[al 
Final l 
2 
3 
4 
5 
Pooled SEM 
Expt. 2 
Initial 
Pinal 1 
3 
4 
5 
6 
7 
Poo]ed SEM 
o 
20 
40 
60 
80 
76.9 
7 1 .4a* l 
70.9a 
70.6~ 
7 1 .3' 
7 1 .7" 
0.52 
14.5 
l 5.6'*3 
l 5.9' 
15 7' 
l 5.7* 
l 5.3* 
O.28 
4.9 
9.8a*3 
l O . 2' 
l O .8" 
9.5~ 
9.90 
0.43 
Diet no-MPF*2 (o/') 
Digestibility 
of protein 
('/.) 
Digestibility 
of energy 
(~/.) 
DE in diet*3 
(kcal/lOOg 
diet) 
O 
20 ( +EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( +EAA) 
l OO( + EAA) 
l OO 
76.l 
70 l*b 
70.9h
69.9･h 
69.,~-
69.5･b 
70.0*b 
70,9h 
l .45 
~ 5.4 
l 5.3;' 
l 5.2" 
l 5.3' 
l 5.0" 
15.1* 
l 4_90 
l 4. 8a 
O. 1 7 
45 
l i .O' 
lO.3* 
l I .2-
l 2 .2* 
1 1 .8* 
l I .6* 
l I .3* 
0.60 
Expt. l 
2 
3 
4 
5 
E,cpt. 2 
l 
2 
3 
4 
5 
6 
7 
o 
20 
40 
60 
80 
O 
20 ( + EAA)*' 
40 ( +EAA) 
60 ( + EAA) 
80 ( + EAA) 
lOO ( + EAA) 
l OO 
89. l 
89.3 
86.7 
85.7 
73.3 
89.2 
92.0 
89.3 
89.6 
8B.4 
88.7 
8 1 .7 
87.0 
82.4 
74.7 
69.5 
58.8 
87.2 
85.7 
76.5 
74.6 
75.0 
74. l 
64. l 
445 
419 
374 
359 
309 
430 
438 
40 ･_ 
399 
40 7 
416 
362 
$1 
~2-4. 
Average value of two pooled samples (4 fishlsaTnple) from each group reared 
ror 6 weeks at 17~C. 
See the footnote of Table 5 
$1 
~2･$ . 
*3 
Value5 of pooled sample from duplicate lanks for collecting feces at 17~C. 
See the footnote of Tab]e 5. 
Digestibie encrgy in diet =gross energy in diet x digestibility of energy 
Table 8. Effect of dietary treatment on the protein and energy retention in fingerling rainbow trout*l 
Diet no. MPF ("IO)*2 Avg. protein reteined (g) 
'/o Protein*3 
retained 
Avg. energy 
retained (kcal) 
Q/G energy*4 
retained 
Expt. l 
l 
2 
3 
4 
5 
Pooled SEM 
o 
20 
40 
60 
80 
2.3 1 b**5 
2.78d 
2.42-
2.03b 
I .63* 
O 094 
37.4c*5 
39.2s 
36.0b= 
33.3b 
29.6:~ 
l .OO 
29.7bc*5 
35.0d 
33. . I 'd 
26. 1 ~h 
22.2* 
i .26 
39.9c*5 
4 1 .4' 
40.7' 
34.7b 
3 1 .6a 
0.50 
Expt. 2 
l 
2 
3 
4 
5 
6 
7 
Pooled SEM 
O 
20 ( + EAA)*' 
40 ( + EAA) 
60 ( + EAA) 
80 ( + EAA) 
~OO ( + EAA) 
l OO 
2.36' 
2.42' 
2.29' 
2. 1 4' 
l .58b 
l . 1 8' 
l Ol' 
0.087 
30.5d 
30.3d 
28.3d 
26.5･d 
23 7b* 
20.9"b 
l 9.2" 
l .24 
34.8= 
33.8c 
34.4,: 
35.7c 
27.8b 
22.3*b 
l 9.0' 
i .66 
42.5d 
39.0cd 
39.5'd 
39.9'd 
36.8bc 
33.1'b 
30.6'] 
l.57 
*1. 
,,2 S 6 
$3 
*4 
Average value of lwo pooled samp]es (4 fish/samp]e) rrom each group reared for 6 wceks at 1 7'C. 
See the rootnote of Table 5. 
Expressed as 100 x average protein retained/average protcin intake. 
Expressed as 100 x average cnergy retained/averagc energy inLake 
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Retention of energy revealed a tendency similar to the 
retention of protein (Table 8). 
Discussion 
In alternative protein sources to fish meal, SBM is 
considered to be one of the most practical sources for fish 
diets.1~3] However, owing to the presence of protease 
inhibitors and other antinutritional factors, some treatments 
such as heat treatment, solvent extraction or EAA sup-
plementation are reported to improve the nutritional value 
of SBM for rainbow trout.4'12~ 14] Distiller's grains with 
solubles (DSG) are reported to be a good substitute for fish 
meal or soybean meal for the diet of channel catfish 
lctahn'us punctatus because it contains no antinutritional 
factor.Is - 171 In the present studies, MPF was found to be 
able to replace, without any additional treatment, 400/0 of 
the WFM protein in the diet for fingerling rainbow trout 
without any adverse effect on growth, feed efficiency, and 
protein and energy retention. This may suggest that, Iike 
DGS. MPF does not contain an appreciable quantity of 
antinutritional factors. 
Poorer growth and feed performance in the fish fed the 
diet of more than 600/0 substitution level in Experiment l 
may be caused by, (1) inferior EAA balance in the diet, (2) 
increase of fiber content deriving from MPF and subsequent 
decrease of digestible energy in the diet, and (3) slight 
decrease of feeding rate. As observed when high-ievel 
celluose was incorporated In rainbow trout dietsl8) and in 
channel catfish diets. 19) the increased fiber content of a diet 
having a higher MPF Ievel might cause some negative effect 
on growth and protein utilization. Although the cause of 
slightly reduced feed palatability is unknown, further studies 
should solve these problems for incorporating MPF at high 
levels. 
Weight gain and feed ef~iciency in the fish fed the diet 
of 600/0 substitution level in Experiment I were inferior to 
those of the control diet. However, no significant differences 
were detected between the groups. Further long-term 
feeding experiments may be necessary to validate the 
differences. 
In DGS, Iysine is the first limiting amino acid for channel 
catfish and the supplementation of crystalline lysine to the 
diets containing DGS improved the growth performance of 
the fish.16.17] This may be caused by the improvement of 
amino acid balance and subsequently enhanced conversion 
of amino acids absorbed into the fish's body protein.20) 
MPF, Iike DGS, is deficient in lysine compared with WFM 
or SBM (Table 4). In the present studies, when fish meal 
was highly replaced by MPF at and above the 800/a level, 
supplementation of EAA to the diets was not effective 
enough to drastically improve growth and protein utiliza-
tion. Similar phenomena were reported in milkfish Chanos 
cllanos and tilapia O,'eoc/7ro,,1is niloticus x O. au,'evs where 
the supplementation with methionine was not effective for 
improvement of growth and protein utilization of fish 
fed diets in which fish meal was replaced at high levels by 
SBM.21.22) Compared with the cases of effective sup-
plementation of crystalline EAA (1.2 to 3.8o/. in diets) in 
rainbow trout diets containing soybean meal,4'10,1 2.13) the 
amount of supplemented EAA in diets 5 and 6 (3.9 and 
5.80/0 in diets) was rather great. It seemed that the excess 
amount of crystalline EAA was not used for protein syn-
thesis in a limited proper time and was dissimilated. This 
may be supported by the fact that the protein retention 
in fish fed diet 5 or 6 was not improved in spite of the 
improved protein digestibility. Murai et al.23,24) reported 
that lOg of EAA coated with casein supplemented in a 
gelatin diet fo  carp Cyp,'inus ca,pio drastically improved 
weight gain and protein utilization due to the improve-
ment of plasma EAA balance. Therefore, other methods 
than the direct supplementation of crystalline EAA in Ex-
periment 2 migh  impro e growth and protein utilization. 
As compar d with SBM, MPF is rich in sulfur amino 
acids such a  methionine and cystine (Table 4). Therefore, 
a combinational supplementation of both materials to the 
diet may c mplement each defect of EAA composition and 
increa e the nutritional value of protein in the diet. In 
practice, combination of SBM and corn gluten meal in the 
rainbow trout d et was reported to be superior to SBM 
al ne as a substitut  for fish meal.25) 
Apparent digestibili y of protein in the diets containing 
MPF was improved by the supplementation of EAA and 
no differences were detected through the dietary treat-
ments. Suc  a phenomenon was not reported previously. 
The improveme t of the apparent digestibility of dietary 
energy in the diets containing MPF supplemented with 
EAA is thought to e caused by the improvement of the 
appar nt digestibility of dietary protein. Thus, the im-
provement of protein and nergy retention in the fish fed 
the diet with the MPF substitution level of 60'/, supple-
m nt d with EAA might be caused by the improvement of 
protein digestibility. Fur her studies should be necessary 
on the relationship between supplementation of EAA and 
the improvement of digestibility of protein and energy, 
and protein utilization. 
Apparent digestibility of MPF protein pe,' se (82"/.) was 
fairly consistent with r ported values of other plant pro-
tein sources for rainbow tr ut; 68 to 96"/. with SBM, 75 to 
78'/, w th cottonseed meal and 76 to 77'/, with rapeseed 
meal.26 - 30) 
Th  results obta ned in these studies show that MPF is 
a good substitute for fish meai in the fingerling rainbow 
trout diet and can rep ace 40'/., or 60*/* with the 
supplementation of EAA, of white fish meal protein. 
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A 6-week feeding experiment was conducted to evaluate the nutritional value of malt protein flour 
(MPF) as an alternative protein source for fish meal in the diets for fingerling red sea bream Pagrus 
major. In the control diet, white fish meal (wrM) was used as the sole protein source to provide appro~-
imately 520/0 crude protein. In the test diets, 10 to 500/0 of the WFM protein in the control diet was 
isonitrogenously replaced by MPF. A diet containing defatted soybean meal (SBM) at 200/0 replace-
ment level was also prepared. These diets were fed to satiation to the fish with an initial mean weight of 
10 g at 23･C. 
The daily feed consumption rate decreased as the MPF Ievel in the diets increased, whereas the con-
sumption rate of the SBM diet was almost the same as that of the control diet. No difference was ob-
served between the weight gains of the fish fed the control diet and the diets containing MPF at the 10 to 
300/0 replacement levels or SBM. Furthermore, the highest feed efficiency and retentions of protein and 
energy were noted in the fish fed the diet with the 300/0 MPF Ievel, and the lowest values in the fish fed 
the control and the SBM diets. 
These findings suggest that MPF can substitute 300/0 of WFM protein with the most effective utiliza-
tion of dietary protein. 
Key words: diet, feed efficiency, growth, malt protein fiour, alternative protein source, red sea 
bream 
Red sea bream Pagrus major is one of the most im-
portant fish species for aquaculture in Japan, and its an-
nual production in 1992 was about 66,000 tons, the second 
highest next to yellowtail Seriola quinqueradiata.1) The 
nutritional requirements of red sea bream have already 
been studied well.2,3) Since red sea bream readily accept dry 
pellets, commercial dry feeds are more common for this 
species than yellowtail.4) 
In spite of the importance of this species, fewer studies 
on the inclusion of alternative protein sources in diets for 
red sea bream have been conducted than for yellowiail. 
Ina et al.i,6) incorporated defatted soybean meal (SBM) 
and corn gluten meal (CGM) together with autolyzed alba-
core and squid viscera in red sea bream diets, and obtained 
equivalent or superior rearing performances to commer-
cial diets . Viyakarn et al. *3 reported that more than 50010 
of fish meal in a red sea bream diet could be replaced by a 
combination of SBM, CGM, and meat meal. However, 
the individual potentials of SBM and CGM as an alterna-
tive protein source for red sea bream diets were not clear 
from their experiments. Ukawa et al.7) recently reported 
that SBM could be incorporated at the 250/0 Ievel in a red 
sea bream diet. 
We investigated the potential of malt protein fiour 
(MPF), a new protein-rich ingredient, as an alternative pro-
tein source for fish meal in the diets for fingerling rainbow 
trout Oncorhynchus mykiss,s) and Japanese flounder 
Paralichthys olivaceus.9) The results obtained revealed that 
the max mum substitution level of fish meal protein by 
MPF was 400/0 for r inbow trout, and 200/0 for Japanese 
fiounder. Shimeno et al. ro) reported that the maximum sub-
stituti n level was also 200/0 for yellowiail. Although the 
reasons for the lower substitution levels for these sea-
water species than that for rainbow trout were not clear, 
we suggested in a previous paper that the digestibilities of 
the plant proteins by flounder are lower than those by rain-
bow trout.9) 
In this study, we examined the maximum substitution 
level of f sh meal protein by MPF in the diets for fingerling 
red sea bream. 
Materials and Methods 
Experimenta/ Diets 
Th  formulation and proximate composition of the ex-
p rimental di ts are shown in Table I . In the control diet 
(diet 1), white fish meal (WFM, Nippon Suisan Kaisha, 
Ltd.) was used as the sole protein source to provide approx-
imately 520/0 crude protein.3) In diets 2 to 6, 10 to 500/0 of 
the WFM protein in th control diet was isonitrogenously 
t 
*3 
Abst. 
Abst . 
Metg. 
Metg. 
Japan. 
Japan. 
Soc. Fisheries Sci., October, 1994, p. 
Soc. Fisheries Sci.* October, 1992, p. 
71 (in Japanese). 
190 (in Japanese). 
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Table 1. 
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Formulation and proximate analysis of the experimental diets 
Diet no. 
MPF (o/o)*l 
1 2 3 4 s 6 7 
O (control) 10 20 30 40 so 20 (SBM)*2 
Ingredient (o/･ wet weight) 
White fish meal 
Malt protein fiour 
Soybean meal 
Pollock viscera oil 
Gelatinized potato starch 
Cellulose 
Vitarnin mix*: 
Mineral mix*4 
Wheat gluten 
Chromium oxide (500lo)*5 
Analysis (o/o dry weight) 
Crude protein (N x 6.2S) 
Crude fat 
Crude starch*6 
Gross energy (kcal/ 100 g diet) 
Relative volume (m//g)*7 
70.S 
8.7 
4.0 
7.8 
3.0 
2.0 
3.0 
1 .O 
53.5 
16.0 
5.8 
530 
0.91 
} 
63.5 
9.7 
7.9 
3.6 
6.3 
9,0 
53.7 
15.9 
6.8 
531 
0.93 
56.4 
19.4 
7.2 
3.3 
4.7 
9.0 
54.5 
16. 1 
7.9 
537 
0.95 
49.4 
29, l 
6,4 
2.9 
3.2 
9,0 
54.5 
16. 1 
8.6 
544 
O.96 
42.3 
38.8 
5 .7 
2.5 
1 .7 
9.0 
54.6 
16.2 
8.8 
548 
0.96 
35.3 
48.6 
4.9 
2.2 
9.0 
54.4 
16.4 
l0.5 
552 
0.97 
56.4 
22.5 
9.3 
1 .O 
1.8 
9.0 
54.6 
16.7 
6.3 
526 
0.89 
*1 Replacement level of white fish meal protein by malt protein fiour. 
$1 20e/o of white fish meal protein was replaced by defatted soybean meal. 
$: Sakamoto et al. 14) 
$4 U.S.P. XII salt mixture with trace elements.li] 
*5 Chromium oxide: cellulose= I :1. 
$6 Carbohydrate hydrolyzed by boiling 50/0 HCI for 2 h. 
*7 Expressed as reciprocal of g/ml dlet packcd tightly in a I ml syringe.9, 
replaced by MPF. In diet 7, a commercial defatted and 
heated SBM (Marubeni Shiryo Co., Ltd.) was incorporat-
ed to replace 200/0 of the WFM protein as a reference to 
diet 3, which had the same replacement level by MPF. 
Crude fat content in each diet was adjusted with pollock 
viscera oil (Riken Vitamin Co . , Ltd.) to provide approxi-
mately ISo/o crude fat.3) A small amount of gelatinized 
potato starch was added to adjust the non-fiber carbohy-
drate level. Wheat gluten was used as a binding substance 
at the 30/0 Ievel. Chromium oxide was included as an indi-
cator for the analysis of apparent digestibility of nutrients. 
All these ingredients were thoroughly mixed, ~roistened by 
the addition of 100/0 water (v/w), and pelleted in a Califor-
nia pellet mill. The experimental diets wer~ stored at 
-20'C until fed to the fish. 
Relative volumes of the test diets were determined as de-
scribed in the previous paper.9) 
Fish and Feeding Procedures 
Fingerlings of red sea bream were transferred from the 
Mie Prefectural Fish Farming Center, Japan, to the Nan-
sei Station of the National Research Institute of Aquacul-
ture. The fish were first stocked into two net cages 
(1 .5 x I .5 x I .O m), set within a lO-ton glass fiber tank sup-
plied with sand-filtered sea water. The fish were fed com-
mercial feeds for marine fish (Nippon Formula Feed Mfg. 
Co., Ltd.) until they reached nearly 10 g. Then 20 fish of 
similar size were selected and stocked into each of 14 poly-
vinyl chloride tanks (25 x 60 x 35 cm, holding 40 1 of 
water) with duplication for each dietary treatment. Tem-
perature-regulated sea water (22.6d:0.5'C) was supplied 
at a fiow rate of 1.5 l/min, and the commercial feed was 
fed to the fish for another 2 weeks to acclimate them to the 
experimental conditions . Just before the start of the feed-
ing trial, 10 fish w re randomly sampled from a surplus 
tank an  stored at - 20'C for whole body proximate anal-
ysis. The experim ntal di ts were fed to the fish with an ini-
tia  m an weight of 10.2 g to satiation, 3 times per day, 6 
days per week for 6 weeks . The fish were weighed every 2 
weeks af er be ng anesthetized with 0.01Q/o 3-ethyl 
aminobenzoate methanesulfonic acid . At the end of the 
feeding trial, th ee fis  were sampled from each tank and 
stored at -20'C for proximate analysis. After 6 weeks 
feeding, the fish for each dietary treatment were pooled 
an  transferred to a round tank designed for collecting 
feces, and were fed each experimental diet. The feces were 
collected for two days each for the analysis of the apparent 
digestibilities of dietary protein and energy. 
A nalytical Methods 
The chemical analyses of the test diets, the whole bo-
dies, and the feces, and the calculations of parameters on 
the growih and feed performances were carried out as de-
scribed i  a p vious paper.8) The parameters of the dupli-
cates for each dietary treatment were compared using one-
way layout analysis of variance for the significance in the 
treatments (p < 0.05), and chi-square test for the uniformi-
ty of the variances (p<0.05), respectively. After these 
comparisons , Duncan's multiple range test was applied to 
determine significant differences between individual treat-
ments at a significance level of p < 0.05. However, statisti-
cal analyses of apparent digestibilities of nutrients were 
not carried ut because feces were collected from pooled 
fish of duplicate ta ks. 
Resu ts 
Performances of the Fish in the Feeding Trial 
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The weight gains of the fish fed diets containing MPF at 
10 to 300/0 replacement levels and a diet containing SBM 
were equivalent to that of the control diet (p> 0.05) (Ta-
ble 2). However, inclusion of MPF at 40 and 500/~ Ievels 
significantly reduced the weight gains (p<0.05). The 
highest feed efficiency was noted in the fish fed the diet 
with the 300/0 MPF Ievel, and the value was significantly 
higher than those of the fish fed the control and the SBM 
diets. The daily feed consumption rate gradually decreased 
as the level of MPF in the diets increased, however, the 
value for the SBM diet was similar to that for the control 
diet . 
Whole Body Composition of the Fish 
In general, the moisture in the fish at the end of the feed-
ing trial decreased and fat content increased as compared 
with the initial fish (Table 3). Dietary treatment did not sig-
nificantly affect the moisture, crude protein and crude fat 
content in the fish, except the slightly higher moisture and 
10wer protein contents in the fish fed the diets with the 40 
and 500/0 MPF Ievels. 
Apparent Digestibi!ity of Dietary Protein and Energy 
The apparent digestibilities of dietary protein of the con-
trol diet and the diets with the 10, 30, and 400/0 MPF Ievels 
(diets 2, 4, and S) were comparatively high at around 900/0 , 
while the values of the diets with the 20 and 500/o MPF Iev-
els (diets 3 and 6) were lower than the others (Table 4). The 
apparent digestibilities of dietary energy gradually 
decreased as the MPF Ievel in the diets increased. The 
digestibilities of protein and energy of diet 3 (20"/o MPF 
61 
level) may have been lower because of the short acclima-
tio  period for collecting feces. The digestibilities of pro-
tein and energy of the SBM diet (diet 7) were equivalent to 
those of the control diet. Although the digestible energy 
contents of diets 2 to 7 were lower than that of the control 
diet I , the differences between the control diet and diets 2, 
4, 5, and 7 were small. 
Reten ion of Protein and Energy in the Fish Body 
The retentions of both protein and energy in the fish 
body showed a similar endency as observed in the feed 
efficiency (Table 5), namely, the values in the fish fed the 
diet with the 30"/･ MPF Ievel were the highest across the 
group . However, statistical differences from the control 
group wer not de ected. 
Relative Volume of the Experimenta/ Diets 
Relative volumes of th experimental diets are plotted in 
Fig. I toget r with the values of daily feed consumption 
rate and diges ible energy content in the diets . All these 
values are expressed as percentages relative to the control. 
The relative volumes of the experimental diets showed a 
slightly incre sing trend as the level of MPF in the diets in-
creased. On the ot r hand, the volume of the SBM diet 
was slightly lower than that of the control diet. 
Discussion 
In he present study, 300/0 replacement of WFM protein 
by MPF n a red sea bream diet rcsulted in an equivalent 
weight gain to that of the control fish meal diet, and the 
Table 2. Crowth and feed performances of fingerling red sea bream fed the diets with different levels of MPF*l 
Diet no. 
MPF (o/a)*z 
l 2 3 4 5 6 
O (control) 10 20 30 40 50 
Pooled 20 (SBM)*3 SEM 
Average body weight (g) 
Initial 
Fin al 
Average weight gain (g) 
Average feed intake (g) 
Weight gain ("/.)*4 
Feed efflciency ('/.)*' 
Daily feed consumption ('/･)*' 
Survival ('/･) 
10.15 
30.02 
19.87 
32.84 
196･*s 
60.5* 
3.9or 
IOO 
10.18 
30.68 
20.50 
30.92 
20 1 ' 
66.3*b 
3.6lb* 
1 OO 
10.14 
30,13 
19.99 
29.79 
l 97-
67 . I 'b 
3 . 57bc 
97.5 
l0.25 
29.66 
19.41 
27.26 
189-
71 .2b 
3 . 26* 
IOO 
10.42 
27 . 62 
17.20 
26. I O 
l 65･b 
65 . 9*b 
3 . 3orb 
97 . 5 
l0.15 
25.56 
15.41 
23 .OO 
152a 
67 . O'b 
3 . 07' 
1 OO 
10.18 
29.2S 
19.07 
31.31 
188bc 
60 . 9-
3.78-
97 . 5 
6.9 
2.49 
0.097 
*1 Avcrage value of duphcate tanks containing 20 individuals each reared far 6 weeks at 23'C. 
*2,: See the footnote of Table l. 
*4 Calculated as detailed in the previous paper.E) 
*s Values with different superscripts in the same row are significantly differcnt (p<0.0S). 
Table 3. Whole body composition of fingerling red sea bream fed the experhnental diets ("ID)*l 
Diet no. 
MPF (o/o)*2 
1 2 3 4 5 6 
O (control) lO 20 30 40 50 
7 Pooled 20 (SBM)*3 SEM 
Initial Final 
Moisture 
Crude protein (N x 6.25) 
Crude fat 
72.5 
16.6 
3.7 
67.6B*4 
17.lb 
8,3a 
68.4ab 
17.3b 
7.8a 
67.8ab 67.8ab 6?.9'b 69.5b 
17.1b 17.lb 16.5a 16.8ab 8.6a 8.7a 9.2* 7.6a 
68.8ab
16.9ab 
7.4a 
0.51 
0 14 
0.53 
*1 Avcrage value of two pooled samples (3 f~shlsample) from duplicate tanks-
*2~ See the footnatc of Table 2. 
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Table 4. 
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Apparent digestibility of protein and energy of the experimental diets by fingerling red sea bream ("/･)*1 
Diet no. 
MPF (alo)*z 
1 2 3 4 5 6 7 
O (control) 10 20 30 40 50 20 (SBM)*3 
Protein 
Energy 
DE (kcal/ 100 g dry diet)*4 
92 . 5 
86.2 
45 7 
88.9 
83 . 3 
442 
85.4 
78.8 
424 
89.3 
81.0 
441 
89.8 
81.2 
445 
86.3 
77 . 8 
429 
91.3 
85 . 1 
447 
$[ Values of sample from pooled fish of duplicate graups stacked in a round tank for collecting feces at 23'C. 
*2.~ See thc footnote of Tabie 2. 
*4 Digestible encrgy of each diet expressed as gross energy x digestibility of energy. 
Table 5. Retention of protein and energy of the experimental diets by fingerling red sea bream (O/･)*l 
Diet no. 
MPF (olo)*2 
1 2 3 4 5 6 7 
O (control) lO 20 30 40 50 20 (SBM)*3 
Pooled SEM 
Protein*4 
*4 Energy 
19.7ab*s 
23 . 6a 
21 .8ab 
24 . 6a 
2 1 . 4*b 
26. Ia 
22.8b 
27.5a 
20.0ab 
26, Ia 
20.8ab 
24. I * 
19.la 
22.4' 
O . 93 
1 .52 
*1 Average values of duplicatc tanks eontaining 20 individuals each reared for 6 weeks at 23'C. 
*2.3,s See the footnotc of Tablc 2. 
$4 Calculated as dctailed in the previous paper.8) 
~~ 
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Replacement level by MPF in the diets (96) 
Fig. 1. Changes in the relative volume and digestible energy of the ex-
perimental diets, and the daily feed consumption rate of the diets by 
fingerling red sea bream. 
Values are expressed as percentages relative to the control. cl , rela-
tive volume; * , digestible energy; c , daily feed consumption rate. 
highest feed efiiciency and protein retention through the 
treatments . Thus, we conclude that MPF can substitute 
300/0 of WFM protein in the flngerling red sea bream diet 
with the most efi:ective utilization of dietary protein. This 
level is higher than that of 200/0 reported for both 
Japanese flounder9) and yellowiail.lo) Therefore, red sea 
bream could more effectively utilize MPF than fiounder 
and yellowtail. However, as the apparent digestibilities of 
dietary protein by red sea bream showed just a slight im-
provement relative to those by fiounder,9) further precise 
examinations, such as of the digestibility of protein in each 
protein source per se, would more clearly explain the differ-
ences. The 300/0 substitution of WFM protein by MPF in 
the present study is almost the same value as the 330/0 sub-
stitution of fish meal by SBM in a red sea bream diet 
reported by Ukawa et al.7) Thus, MPF proved to have the 
same potential as an alternative protein source as SBM in 
diets for red sea bream. 
In our previous studies on the utilization of alternative 
protein sources in the diets for rainbow trout,s,il) and 
Japanese flounder,9) we found that high levels of inclusion 
of MPF in the diet decreased the feed consumption rate, 
while the inclusion of SBM in the diet containing MPF in-
creased the rate. In this study, we reconfirmed that the dai-
ly feed consumption rate of fingerling red sea bream fol-
lowed a decreasing trend as the MPF Ievel in the diets 
increased, and the consumption rate of the fish fed the diet 
containing SBM was higher than that of the diet contain-
ing MPF at the same replacement level. Watanabe et 
al. *2,13) also noted that replacement of fish meal by SBM in 
the diets for rainbow trout and yellowtail increased the 
feed consumption, and they estimated that this was caused 
by the lower digestible energy contents in SBM diets , i.e. , 
fish consumed more feed with lower digestible energy con-
tent than the c ntrol fish meal diet to compensate the neces-
sary energy req irement. In our series of experiments de-
scribed above, the digestible energy contents of the diets 
more or less followed decreasing trends as the inclusion lev-
el of MPF increased, however, no marked increasing 
trends in feed consump ion were detected. 
As a reason for the discrepancy of feed consumption by 
he fish fed MPF di ts and SBM diets, we reported that the 
relative volumes o  flounder diets gradually increased as 
the level of MPF in the di ts increased, and the volumes of 
flound r die s containing both MPF and SBM gradually 
decreased as the level of both materials increased.9) In the 
report, we presumed the relative volume of a diet to be one 
of the factors which influenced the consumption of the 
diet as well as th  digestible energy content of the diet. In 
this study, a similar trend was observed in the volumes of 
the diets f r fingerling red sea bream. However, the feed 
consumption rates by red sea bream decreased more 
remark bly, possi ly because of the relatively higher diges-
tible energy con ents in igher MPF Ievel diets and of the 
b tter growih performances of the fish fed such diets as 
48 
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compared with the results in flounder.9) 
In the previous and present studies. MPF seems to bring 
about higher feed efficiency and protein retention, and low-
er feed consumption than SBM. As was effective for rain-
bow troutll) and Japanese fiounder,9) the use of MPF in 
combination with SBM even in red sea bream diets could 
be a practical way to counterbalance the demerits of both 
materials and to consequently improve rearing perfor-
mance . 
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要　約
　第1章では，エクストルーダー処理およびメタノールによる簡易洗浄処理をし，さ
らに必須アミノ酸を補足した大豆油粕の魚粉代替原料としての有効性をニジマス稚
魚において明らかにし，魚粉タンパク質の60％をこの大豆油粕で置換した場合にお
いても魚粉主体飼料と同等の増重率が得られた。しかしながら，大豆油粕の炭水化物
の利用性が劣ると推察され，大豆油粕配合率の増加に従い飼料効率およびエネルギー
の利用効率が低下する傾向がみられた。第2章では，新しい素材である麦芽タンパク
質が魚粉代替原料として有望であることをニジマスおよびマダイ稚魚において明ら
かにし，魚粉飼料と遜色のない増重率，飼料効率，およびタンパク質やエネルギーの
利用効率が得られる麦芽タンパク質による魚粉代替可能率はそれぞれ40および30％
であると推定された。しかしながらこの麦芽タンパク質についても，上記レベル以上
の配合は，増重率およびタンパク質やエネルギーの利用効率等の低下を招くことが明
らかとなった。このように単一の代替原料により魚粉を多量に置換した場合には，嗜
好性の低下，飼料のアミノ酸バランスの低下，代替原料に残存する抗栄養因子や難消
化性炭水化物の増加，飼料の可消化タンパク質およびエネルギー含量の低下等により
成長や飼料効率が劣ることが大豆油粕を始め種々の代替原料について報告されてい
る。1一謝　また，前章第1節の試験2において飼料のアミノ酸バランスを改善するた
めに行った，ニジマス稚魚における麦芽タンパク質配合飼料への結晶アミノ酸の補足
は，魚粉を60％置換した場合にはタンパク質の利用効率が改善され，魚粉飼料と遜色
のない増重率や飼料効率が得られたものの，それ以上を置換した場合には効果が薄か
った。したがって，麦芽タンパク質を多量に含む飼料への結晶アミノ酸の補足は効果
的ではなく，また経済的な方法ではないと考えられる。
　一般的に大豆等の豆類のアミノ酸組成の特徴としてメチオニンが少なく，一方，小
麦やとうもろこし等の穀類ではリジンが少ないことが知られている。他方，魚粉代替
原料の中では，大豆油粕には魚粉より少ないもののリジンが比較的豊富に含まれてお
り，コーングルテンミールにはメチオニンやシスチン，いわゆる含硫アミノ酸が豊富
に含まれている。37一細　人問においても，コメの栄養価に比べ，コメと大豆を混合し
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て摂食したほうが，アミノ酸のバランスが改善されて栄養価が高まることが知られて
いる。姻　したがって，代替原料配合飼料における実用的なアミノ酸バランス改善の
方法は，これら代替原料のアミノ酸組成の特徴に配慮し，併用配合した飼料のアミノ
酸バランスが最適となるように適切な比率で配合することであると考えられる。実際，
大豆油粕単独で魚粉を置換した場合に比べ，コーングルテンミールと併用した方が増
重率や飼料効率が改善されることがニジマスやブリ等で報告されている。瓢2蔵41一姻
しかしながら，原料の適切な配合比率に関する詳細な検討はこれまでほとんど行われ
ていない。催姻前章において魚粉代替原料としての有効性が明らかになった麦芽タ
ンパク質も，穀類である大麦のタンパク質が主体となっており，含硫アミノ酸含量は
タンパク質あたりではコーングルテンミールと同等に豊富で，リジンはそれより多く
含まれている。したがって，大豆油粕と麦芽タンパク質とをアミノ酸バランスが最適
となるような適切な比率で併用して魚粉を置換することにより，それぞれの原料を単
独で用いた場合や，不適切な比率で併用した場合より優れた成長や飼料効率等を得る
ことが期待できると考えられる。
　本章では，大豆油粕と麦芽タンパク質の併用効果を，第1節ではニジマス稚魚，第
2節ではヒラメ稚魚，および第3節ではコイ稚魚を用いて検討した。
　第1節は，ニジマス稚魚用飼料における大豆油粕と麦芽タンパク質との最適な配合
比率を明らかにすることを目的として実施した。飼料は，魚粉を唯一のタンパク質源
とする対照飼料（粗タンパク質43％，粗脂肪10％）と，対照飼料中の魚粉タンパク質
の60％を，大豆油粕と麦芽タンパク質とを種々の比率で併用して置換した試験飼料
を作製した。大豆油粕と麦芽タンパク質の併用比率は，粗タンパク質換算で1：0，2：
1，1：1，1：2および0：1の5通りとした。これらの飼料を平均体重5gのニジマス
に水温15℃の下で1日2回，6週問にわたり飽食量給与し，大豆油粕と麦芽タンパク
質の併用比率が，増重率，飼料効率，全魚体の一般成分，飼料のタンパク質やエネル
ギーの消化吸収率および両者の魚体への蓄積率等に及ぽす影響を検討し，最適な併用
比率を推定した。
　第2節ではヒラメ稚魚を用い，2種類の試験を実施した。試験1では前章と同様，ヒ
ラメ稚魚用飼料における麦芽タンパク質単独による魚粉代替可能率を明らかにする
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．目的で，試験2では大豆油粕と麦芽々ンパク質併用による魚粉代替可能率を明らかに
する目的で実施した。試験1では，飼料は，魚粉をタンパク質源とする対照飼料（粗
タンパク質55％，粗脂肪10％）と，対照飼料の魚粉をタンパク質換算で，10，20，30，
40および50％を麦芽タンパク質により置換した試験飼料を作製した。試験2では，試
験1と同様の対照飼料と，その魚粉を大豆油粕と麦芽タンパク質を併用して20，30お
よび40％置換した試験飼料を作製した。大豆油粕と麦芽タンパク質の併用比率は第1
節で明らかとなった1：1（タンパク質換算）とした。これらの飼料をそれぞれ平均
体重14および15gのヒラメに水温20℃の下で1日2回，4週間にわたり飽食量給与
した。増重率，飼料効率，全魚体の一般成分，飼料のタンパク質とエネルギーの消化吸
収率およびそれらの魚体への蓄積率等に及ぼす影響を検討し，麦芽タンパク質による
魚粉代替可能率および大豆油粕と麦芽タンパク質の併用効果を明らかにした。
　第3節ではコイ稚魚を用い，麦芽タンパク質単独による魚粉代替可能率および大豆
油粕と麦芽タンパク質の併用効果等について検討した。飼料は，魚粉を唯一のタンパ
ク質源とする対照飼料（粗タンパク質35％，粗脂肪10％）と，対照飼料の魚粉タンパ
ク質を麦芽タンパク質により，20，40および60％置換した試験飼料および同40およ
び60％を大豆油粕および麦芽タンパク質併用（タンパク質換算で111の比率）によ
り置換した試験飼料等を作製した。．これらの飼料は，平均体重6gのコイに水温26℃
の下で，1日3～4回，6週間にわたって飽食量給与し，前節と同様の調査項目から，麦
芽タンパク質による魚粉代替可能率および大豆油粕と麦芽タンパク質との併用効果
等について検討した。
　その結果，第1節のニジマス稚魚では，対照飼料に比べ，大豆油粕または麦芽タン
パク質単独で魚粉を置換した飼料では増重率が劣ったが，大豆油粕と麦芽タンパク質
を1：1の比率で配合した飼料においては差がみられなかった。また，大豆油粕単独
で置換した飼料で劣った飼料効率やタンパク質の蓄積率は，麦芽タンパク質を併用す
ることにより改善される傾向がみられた。摂餌率，飼料効率，タンパク質およびエネ
ルギーの利用効率から総合的に判断しても1：1での併用飼料が最も優れていた。一
方，全魚体の一般成分には試験区問で差はみら．れなかった・また・ニジマス卵の必須
アミノ酸組成47）を基準に計算した各飼料の必須アミノ酸指数と，タンパク質の魚体へ
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の蓄積率との問に強い正の相関関係が認められた。第2節のヒラメ稚魚においては，
試験1では，麦芽タンパク質の配合率の増加に従い，摂餌率，飼料のタンパク質やエ
ネルギーの消化吸収率およびそれらの魚体への蓄積率が漸減した。そのため魚粉置換
率30％以上の飼料では，増重率や飼料効率等が対照飼料に比べて劣り，麦芽タンパク
質単独による魚粉代替可能率は20％と推定された。一方，試験2では大豆油粕と麦芽
タンパク質を併用することにより，’ 験1の結果と比べ，摂餌率やタンパク質の魚体
への蓄積率等が改善される傾向がみられ，魚粉を40％置換した飼料においても対照
飼料と同等の飼料効率が得られた。しかしながら対照飼料に比べ，魚粉を20％以上置
換した飼料ではタンパク質やエネルギーの蓄積率が低く，増重率も試験1の結果と比
較すると大豆油粕の併用により改善される傾向がみられたものの，30％以上の魚粉を
置換した飼料では対照飼料より劣った。第3節のコイ稚魚では，麦芽タンパク質によ
り魚粉の60％を置換した飼料における増重率は対照飼料と同等であったものの，飼
料効率や魚体へのタンパク質およびエネルギーの蓄積率が劣ったため，魚粉代替可能
率は40％と推定された。一方，大豆油粕と麦芽タンパク質を併用した場合，魚粉を
60％置換した飼料においても飼料効率や魚体へのタンパク質やエネルギーの蓄積率
は対照飼料と同等で，増重率はむしろ優れていた。その要因として，タンパク質やエ
ネルギーの見かけの消化吸収率が対照飼料と遜色なく，また，摂餌率が増加したため
と推察された。一方，魚粉の60％を麦芽タンパク質により置換した飼料へ結晶アミノ
酸を補足した飼料では，対照飼料と同等の増重率や飼料効率等が得られた。
　これらの結果から，魚粉代替原料の併用にあたっては，その配合比率に注意する必
要性が明らかとなり，魚粉を60％置換したニジマス稚魚用飼料における大豆油粕と
麦芽タンパク質の最適配合比率は，タンパク質換算で1：1であると推定された。一
方，コイ稚魚用飼料では魚粉単独よりむしろ大豆油粕と麦芽タンパク質を併用したほ
うがタンパク質やエネルギーの利用効率を損なうことなく優れた成長が得られるこ
とが明らかとなった。しかしながらヒラメ稚魚用飼料においては，麦芽タンパク質単
独の場合に比べ大豆油粕を併用することにより飼料効率等が改善されたものの，増重
率の大幅な改善は認められず，魚粉代替率の向上には至らなかった。また，本章の結
果から，ヒラメおよびコイ稚魚用飼料における麦芽タンパク質による魚粉代替可能率
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A 6-week feeding experiment was conducted to determine the optimum combinational ratio of soy-
bean meal (SBM) and malt protein flour (MPF) as alternative protein sources of fish meal in fingerling 
rainbow trout diets. In the control diet, brown fish meal (BFM) was used as the sole protein source to be 
430/0 crude protein. In the experimental diets, 600/0 of BFM protein was replaced by proteins from SBM 
and MPF. The combinational ratios of SBM and MPF were varied as 60:O, 40:20, 30:30, 20:40, and 
O:60 in the percentage of total dietary protein. In the fish fed the diet with the ratio of 30:30, almost simi-
lar levels of weight gain and protein retention with the control diet were noted, and moreover the 
energy retention based on digestible energy was higher than that of the control. These findings suggest 
that an equivaient combination of both alternative proteins can maximize the rearing performance of 
fingerling rainbow trout. 
Key words: alternative protein source, malt protein flour, soybean meal, rainbow trout 
Brewer's spent grain (BSG) has been used mainly as a 
low-grade feed ingredient only for cattle, because cattle, a 
ruminant, can partially digest fiber which is contained in 
BSG at about 600/e on a dry matter basis. However, the 
consumption of BSG has been decreasing due to its declin-
ing use as a feed for cattle and rising transportation costs 
in Japan. So it has become necessary to develo~ a new 
method by which BSG can be processed into a new sub-
stance that can be used for more diversified and value-ad-
ded purposes. Since BSG has quite a low protein content, 
approximately 270/0 on a dry matter basis, and a very high 
fiber content, direct mixing of the material itself into fish 
feed will lower the nutritive value. 
Malt protein flour (MPF) is a quite new and protein-rich 
ingtedient whose protein content is concentrated up to 
around 500/0 and whose fiber content is reduced to less 
than 300/0 by mechanical separation of the husk in BSG.1) 
Yamamoto et a!. have reported that MPF' can substitute 
400/0 of white fish meal protein in rainbow trout diet.2) 
Also Shimeno et a/. have shown that up to 200/0 MPF can 
be used in yellowtail diet.3) These results suggest that MPF 
is one of the promising alternative protein sources for fish 
meal, the production of which is anticipated to decline due 
to a recent rapid decrease of domestic sardine catch in 
Japan. 
MPF is an ingredient derived from malt, which is a ger-
minated barley. In the protein of grains, Iysine, one of the 
essential amino acids for man, Iivestock and fishes, is 
generally insufiicient. It is well known that a combination 
of bean and grain products effectively elevates its nutrition-
al value, because a shortage of lysine in grains is compen-
sated for by the beans. Also, Iow levels of sulfur-contain-
ing amino acids  be ns can be raised by supplementing 
g ains. In this xperim nt, we conducted a feeding study 
to determine the prop r combination of MPF and soybean 
meal (SBM) in fish feed using fingerling rainbow trout. 
Materials and Methods 
Experim n tal Diets 
The formulations nd proximate analyses of experimen-
tal diets are shown i  Table I . In diet I (control diet), 
brown fish meal (BFM) was used as a sole protein source 
o provide approximately 430/0 crude protein. In diets 2 to 
6, 600/0 of fish meal protein was replaced by combinational 
pro ins derived from SBM and MPF. The combinational 
ratios of two alternative protein sources was varied as 
60:O, 40:20, 30:30, 20:40 and O:60 in the percentage of pro-
te n as shown in Table I . The fat content in diets was ad-
justed with pollock viscera oil to be approximately 100/0 
crude f t. Gelatinized potato starch was supplemented to 
equalize the level of carbohydrate except dietary fibers. 
Th ingredients were thoroughly mixed, pelleted and stock-
ed at 5'C until used. 
Experinlent / Fish nd Feeding 
The fingerling rainbow trout were transferred from Shi-
ga Prefectural Samegai Trout Farm, Japan and reared in 
our laboratory for 2 months. Duplicate groups of 30 fish 
with mean body we g t of 5 g held in polyvinyl chloride 
tanks ( ater volume 20 l) were assigned to each experimen-
tal di t and acclima ed to experimental conditions for one 
week. The feeding experiment was conducted for 6 weeks, 
supplying well water at a rate of 1.5 !/min at 15'C. The 
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Table 1. 
diets 
Combinational Use of MPF and SBM iu Trout Diet 829 
Formulanons and proxlmate analyses of the expenmental After 6 weeks rearing, the fish of each tank were trans-
ferred into a round tank designed to collect feces and an 
Diet no. 3 5 4 
Dietary protein ratio ('/･) 
Brown fish meal 
Soybean meal 
Malt protein fiour 
100 40 40 40 40 40 O 60 40 30 20 O O O 20 30 40 60 
adequate amount of feces for each dietary treatment was 
collected to measure the digestibility of protein and energy 
in the diet. 
Ingredients ('/･) 
Brown fish meal 
Soybean meal*1 
Malt protein flour 
Pollock viscera oil$2 
Gelatinized potato starch 
Vitamin mix*3 
Mineral mix*4 
CMC*5 
Cellulose 
Chromium oxide 
Contents in diet (Ql･) 
Water 
Crude protein (N x 6.25) 
Crude fat 
Ash 
Gross energy (kcal/ 100 g diet) 
61,l 
3,5 
16.0 
2.0 
2,0 
4,0 
10.9 
0,5 
24.4 
58.5 
6.5 
0.2 
2.0 
2.0 
4.0 
1.9 
0.5 
3.7 3.9 
43.4 43.8 
9.6 10.0 
1 1 .2 9.5 
460 474 
24.4 
39.0 
i6.9 
4.8 
4.9 
2.0 
2.0 
4.0 
1 .5 
0.5 
3.6
44 1
10.2 
8 6 
48
24.4 
29.2 
25.4 
4.0 
7.3 
2.0 
2.0 
4.0 
1 .2 
O.S 
3.3 
44.0 
l0.3 
8.1 
49 1
24.4 
19.5 
33.8 
3.l 
9.6 
2.0 
2.0 
4.0 
l.1 
O.5 
24.4 
50.? 
l .4 
14.3 
2.0 
2.0 
4.0 
0.7 
O.5 
3.5 3.4 
44.0 43.4 
10.0 10.1 
7.5 6.7 
492 503 
$] Commercial soybean meal defatted with hcxane. 
'a polbck viscera oil (Feed Oil Omega); Product of Rikcn Vitamin Company 
Ltd. 
$; The premix (in 100g diet): ThialTtin HCI 2.2mg. Riboffavin 8.9mg, 
Pyridoxine HCI 2.2 mg, Choline chloride 222 mg, Nicotinic acid 33 mg, Ca-
pantothenate 22 mg, Inositol 89 7ng, Biotin 0.2 mB, Folic acid 0.7 mg, Ascor-
bic acid 44 mg, VitaJnin K3 1 .8 mg, a-tocopherol 18 mg, Vitamin B12 4pg, 
Vitamin D: 2 pg, Vitamin A acetate 10,0001U. 
'4 u.S.P.XII Salt mixture no. 2 with trace elements.4] 
's Sodium carboxymethylcellulose. 
fish were fed to satiation by hand twice daily, 6 days a 
week. The fish were individually weighed biweekly after 
being anesthetized with 0.010/0 ethyl 3-aminobenzoate 
methanesulfonic acid. At the beginning and the end of the 
rearing experiment, 4 fish were randomly sampled from 
each tank and stocked at -20'C for proximate analyses. 
Analytical Methods 
Proximate analyses, measurement of digestibility and 
amino acid analyses were carried out as reported in a previ-
ous paper.2) Energies of diets, feces and fish bodies were 
measured by a Shimadzu Automatic Bomb Calorimeter 
CA-3 . Data of weight gain, feed efficiency, daily food con-
sumption, contents in whole body, apparent NPU, and 
percentage retention of protein and energy were analyzed 
for significance (p < 0.05) according to Duncan's multiple-
range test.s) 
Results 
Evaluation of Protein Sources 
The essential amino acid composition of the protein 
sources, egg, and whole body of fingerling rainbow trout, 
and its amino acid requirement are shown in Table 2. MPF 
contains slightly higher crude protein than SBM and the 
percentage of total essential amino acids is fairly close to 
that of fish meal. MPF also contains a higher level of total 
sulfur-containing amino acids than the other sources, 
which is a haracteristic of MPF. The first limiting amino 
acid of MPF is lysine and that of SBM is sulfur-containing 
amino acids (Table 3). Even in BFM, an insufiiciency of 
leucine or threonine is suggested. The chemical score of 
MPF was the lowest among the three sources used for the 
experimental diets, though it is higher than that of corn 
gluten meal (CGM) which belongs to the same grain group 
as MPF. Essential amino acid indexes (EAAI) of MPF, 
however, show almost similar values as those of SBM. 
Performance of Fish in Feeding Experiment 
Weight gains of the fish fed diets 3 and 4 (protein ratio 
Table 2. Essential amino acid composition of protein sources in diets, egg and whole body of rainbow trout, and the amino acid 
requirements for rainbow trout ('/e in protein) 
Protein sources Rainbow trout 
Amino acids Brown 
fish meal 
Soybean 
meal 
Malt protein 
fiour Eggi) Whole body7) Requrrementl) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Crude protein (ol･) 
(N x 6.25) 
TEAA ("I･)* 
S.86 
4. 14 
4 . 25 
7.46 
8 . OS 
2 . 97 
0.99 
4.30 
3 . 62 
4.38 
l . 16 
5.28 
68.8 
52.4 
6.87 
2.51 
4.42 
7.36 
6.00 
1 .32 
i.41 
4.83 
3.16 
3 . 94 
l . 23 
4.74 
46.2 
47.8 
4.93 
2.72 
4,39 
9.44 
3.30 
2.27 
2,31 
6,28 
4.31 
3.66 
l ,29 
5.57 
49.7 
50.5 
5.70 
2.47 
4.71 
9.45 
7.30 
2.89 
1 . 03 
5.48 
4.23 
4.82 
0,98 
6.23 
55.3 
S.9 
2.5 
4.0 
7.2 
8.7 
2.9 
1 .3 
S.1 
3.4 
5.5 
0.9 
5.2 
52.6 
3.5 
l.6 
2.4 
4.4 
5.3 
1.8 
0.9 
3.1 
2. 1 
3.4 
0.5 
3.1 
32.1 
' otal essential aJrnino acids (o/･) in crudc protein. 
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Table 3. Evaluation of essential alnino acid balance in protein 
sources bascd on amino acid composition of egg, whole body or 
requirement of fingernng rainbow trout as the staudard compo-
sition 
Protein source: Brol~l Soybean Malt protein Corn fish meal meal flour gluten meal*l 
Ist limiting amino 
acid Egg Leu Wholc body Thr
Requirement 
Chemical score Egg 78 . 9 Whole body 79.6 
Requirement 100 
Bssential amino 
acid index Egg 92 . 3 Whole body 95.7 
Requirement 100 
SAA*2 
SAA*2 
69.6 
65.0 
l OO 
85.7 
87.9 
lOO 
Lys 
Lys 
Lys 
45 . 2 
37.9 
62.3 
Lys 
Lys 
Lys 
30.8 
19.2 
31.5 
Apparen t Digest bility of Dietary Pro tein and En ergy 
The highest value of apparent digestibility of protein 
was obtained in the control diet and it gradually decreased 
as the substitution level of MPF increased (Table 6). For 
v lues of energy, the control diet showed the highest value 
and the diets having higher levels of MPF showed lower 
digestibilities . Digestible energy in the experimental diets, 
therefore, were almost similar except for the control diet, 
though the gross energy tended to be higher in the diets 
containing higher levels of MPF. 
Table 5. Effect of dietary treatment on whole body composition of 
fingerling rainbow trout*1 ("/･) 
87 .o 
85.6 
9s.4 
78.3 
74.2 
89. 1 
Diet Dietary crudef2 Crude*2 Crude*2 protein ratio Moisture*2 no. protein ash f at BFM:SBM:MPF*3 
*1 Based on amino acid compositions of corn gluten meal cited by Ariyoshi.8) 
$2 Sulfur-containing amino acids (Methionine+cystine). 
of SBM and MPF, 40:20 and 30:30) were statistically not 
different from that of the control diet (diet l) as shown in 
Table 4, but the gain gradually decreased as the ratio of 
MPF increased in diets 5 and 6. The highest value of feed 
efiiciency was noted in the fish fed the control diet, fol-
Iowed by the fish fed the diets containing higher levels of 
MPF. Protein efbciency ratio ranged from I .7 to 2.2 and 
showed a similar tendency to feed efficiency (not listed in 
the tables) . On the contrary, the daily food consumption 
rate declined as the MPF supplement increased. A strong 
appetite was recognized in the fish fed diet 2 with only 
SBM as an alternative protein source. No mortality was ob-
served in all dietary treatments . 
Initial 
1 
2 
3 
4
S 
6 
lOO: O: O 
40:60: O 
40:40:20 
40:30:30 
40:20:40 
40: 0:60 
74.3 
7 1 . 9b 
71.8b 
71.1' 
7 1 .3'b 
7 1 . 6･b 
71.8t 
15.6 
15.7a 
15.7a 
IS.9a 
15.9a 
15.8a 
15.8* 
7.0 
9.6a 
9.7a 
10.3a 
l0.0' 
9.7a 
9.5a 
2.4 
2.4a 
2.4a 
2.3a 
2.3a 
2.3a 
2 .41 
'] Average value of two pooled samples (4 fishlsample) frcm each group reared 
for 6 weeks at 15'C. 
*2,3 See the footnote of Table 4. 
Table 6. Effect of dietary treatment on the apparent digestibility of 
protein and energy in test diets by fingerling rainbow trout*l 
Ratio of Digestibility Digestibility 
Diet protein sources 
no. BEM:SBM:MPF*2 
f of protein energy (o/o) (ol~) 
Digestible 
energy in diet 
(kcal/ 100 g diet) 
Whole Body Composition of Experimental Fish 
At the end of the feeding experiment, the moisture 
decreased and fat content increased compared with those 
of the fish at the beginning (Table 5). There were no statisti-
cal differences in protein, fat, and ash contents among all 
dietary treatments . Though moistures of the fish fed diets 
3 to 5 were statistically lower than those of the others , the 
differences were very slight. 
l 
2 
3 
4
5 
6 
IOO: O: O 
40:60: O 
40:40:20 
40:30:30 
40:20:40 
40: C:60 
88.8 
86.9 
83.8
78,0 
75.9 
?8.3 
79 . 9 
69.7 
70.0 
63 . 7 
63.4 
66.6 
368 
330 
338
313 
311
335 
*1 Values of pooled sample from duplicate tanks for coilecting feces at 15'C. 
*2 See the footnote of Table 3. 
Table 4. Rearing performances of fingerling rainbow trout fed the diets with different combinational ratio of soybean meal and malt 
protein flour*l 
Diet 
no . 
Dietary 
protcin ratio 
Avg. Body 
weight (g) 
BFM:SBM:MPF*3 Initial Final 
Weight*2 
gain 
(olo) 
Feedt2,4 
efficiency 
(o/o) 
Daily*a,5 
f ood 
consumption 
(olo) 
Mortality 
('/･) 
2 
3 
4 
6 
100: O: O 
40:60: O 
40:40:20 
40:30:30 
40:20:40 
40: O:60 
5.42 
s . 26 
5.42 
5.36 
5 . 22 
s .42 
14.75 
12.66 
l 3 .45 
13.56 
1 1 .79 
l I .94 
1 72-
141'~ 
147･bt 
153b-
126･b 
121* 
9S.5d 
?4.4-
8 1 .9b 
83.5bc 
82.2b 
86.2-
2. 3 Iab 
2.65' 
2.47bc 
2.47b* 
2.24'b 
2.08a 
o 
o 
o 
o 
o 
o 
*1 Average value of dupllcate tanks cont2ining 30 individuais each reared for 6 weeks at 15'C. 
*2 Vaiues with different superscripts in the same cQlumrL are significantly difilerent (p <0.05).s] 
*3 BFM; brown fish meal. SBM; soybean meal. MPF; malt protein fiour. 
~, Expressed as (wet weight gain/dry feed intnke) x 100. 
*s 100 x {Dry fecd intake~ (initial total weight+flnal total weight)/2} ~rearing days. 
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Control 60: O 40:20 30:30 20:40 O:60 
RAT I o 
Fig. 1. Protein retention (o/o) and apparent NPU (o/o) in fingerling rain-
bow trout fed the diets having several combinational protein ratios 
of soybean meal and malt protein fiour. 
Values with difBerent superscripts in the same column are sig-
nificantly different (p<0.05),s] (E:; protein, a; NPU). 
60 
Wo 50 
<h 40 
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~ ~ lo 
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a 
b 
b 
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c bc bc 
O 
Control 60: O 40:20 30:30 20:40 O:60 
RAT I o 
Fig. 2. Energy retentions (D/･) based on gross energy and digestible 
energy in fingerling rainbow trout fed the diets having several com-
binational protein ratios of soybean meal and malt protein flour. 
Values with different superscripts in the same column are sig-
nificantly different (p<0.05). (1; gross energy, U~ digestible 
energy). 
Retentions of Dietary Protein and Energy in Body 
The rate of retention of dietary protein in the body was 
the highest in the fish fed the control diet and the lowest in 
the diet having only SBM as an alternative protein source 
(diet 2) (Fig. 1). The fish fed the diets containing MPF 
(diets 3-6) showed middle values between these two diets 
described above. Apparent NPU tended to increase as the 
substitution level of MPF increased, and apparent NPUs 
of the fish fed diets having more than 300/0 Substitution of 
MPF protein were not statistically different from that of 
the control group . The rates of energy retention in the 
body are shown in Fig. 2. In the rate based on gross 
energy, the control group showed the highest value and the 
energy retention of the fish fed diet 2 with only SBM was 
the lowest. In contrast, based on digestible energy, the 
highest value was noted in the fish fed the diet having an al-
ternative protein ratio of 30:30 (diet 4). 
Discussion 
The alternative protein source in fish feeds should have 
the following features; (1) can be inexpensively supplied in 
83 1 
large quantities, (2) the quality is consistent, (3) must be 
harmless for fish and humans who consume the product, 
(4) must contain an adequate level of protein for fish, (5) 
must have a proper balance of essential amino acids for 
normal growih and physiology of fish, and (6) the diges-
tibility of the protein must be high. At present, none of the 
ingredients fulfill all of these conditions except fish meal. 
This means that research work to utilize alternative protein 
sotrrces must study how to compensate for the weak points 
of each ingredient by selecting the optimum combination 
of ingredients up to the level of fish meal as much as possi-
ble. 
A constant supply of inexpensive ingredients is much 
desired by commercial feed companies. At present, plant 
materials are given the most attention from this viewpoint. 
However, they generally have low protein content, which 
is inadequate as a fi h feed. Therefore, practical use of 
these materials is limited to ingredients whose protein level 
is elevated by an industrial process, such as SBM and 
CGM. SBM has nearly 500/0 crude protein and comparative-
ly balanced essential amino acids . The annual production 
of SBM is approximately three million tons in Japan and 
this is more than sufficient to cover the need for fish feeds. 
Thus, SBM can be considered to be the most promising 
alternative protein source. However, SBM has the demerit 
that it lacks sulfur-containing amino acids, while materials 
which are derived from grains such as CGM are rich in sul-
fur-containing amino acids. It is already known that some 
portion of fish meal can be substituted by combinational 
use of SBM and CGM in rainbow trout9,lo) and yellow-
tail. Il-Is) On the other hand, it is now clear that the essential 
amino acid balance (chemical scores and EAAls) in MPF 
is much better than in CGM, as shown in Table 3 . Better 
effects from combinational proteins are expected by the 
use of MPF than CGM as a companion of SBM. 
In this experiment, the results of weight gain, feed 
efficiency, apparent NPU, retention of protein and energy 
indicated that the optimum ratio of SBM and MPF was 
30:30 in protein level, i.e. an equivalent supplementation 
of both alternative proteins can produce the best growth 
performance in fingerling rainbow trout. 
The evaluations of essential amino acid balance in each 
diet bas d o  amino acid composition of egg, whole body 
or r quirem nt f fingerlmg rainbow trout are shown in Ta-
ble 7. Th  first limiting amino acids were leucine or threo-
nine in diet I or 2, and lysine in diets 3-6 containing higher 
levels of MPF, when b ed on egg or whole body. This sug-
gest  that even BFM protein does not have a complete es-
sential amino acid bala ce for rainbow trout. 
In the ch mical score and E~~1 based on the amino 
acid requirement of rainbow trout, the scores were 100 in 
most diets, nev rtheless fluctuations were observed in the 
actual exp riment. On the other hand, various values were 
shown when based on amino acid composition in egg6) or 
whole body.7] Especially in the case of egg, there was a 
high positive correl tion between E~LI based on amino 
acid composition in egg and protein retention of the test 
fish (Fig. 3). Thus, these findings suggest that EA~I based 
on egg amino acid composition can be one of the indica-
tors used to evaluate combinational proteins, and the 
values of ssential amino acid requirements are not ade-
quate to evaluate the balance in protein sources . 
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Table 7. Evaluation of essential amino acid balance in experimen-
tal diets based on amino acid composition of egg, whole body 
or requirement of fingerling rainbow trout as the staudard com-
position* 
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Diet no. 1 2 3 4 5 6 
Ist limiting amino acid 
Egg Leu 
Whole body Thr 
Requirement -
Chemical score 
Egg 76.3 
Whole body 77. l 
Requirement l OO 
Essential amino acid index 
Egg 90.5 
Whole body 94.0 
Requirement lOO 
Leu Leu Lys Lys Lys Thr Lys Lys Lys Lys - ys 
74.8 
7 1 .4 
100 
86.3 
89.2 
1 OO 
78.6 78,8 75.1 68.8 
68 .7 66. 1 63 .O 57. 7 
100 100 100 94.7 
87.3 88.0 88.4 88.8 
89.8 90.2 90.2 89,9 
100 100 100 99.5 
' he values of each antino acid in thc diets were calculated using the data of pro-
tein sources in Table 2. 
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Utilization of Malt Protein Flour in Fingerling 
Japanese Flounder Diets 
Takeshi Yamamoto Tatsuya Unuma,*and Toshio Akiyama* 
(R*cei+*d D*'e~b** 9, 1994) 
Two feeding experiments were conducted to evaluate the nutritional value of malt protein flour 
(MPF) as an alternative protein source for fish meal in the diets for fingerrng Japanese flounder 
Paralichthys olivaceus. In experirnent 1, 10 to 50% of white fish meal (WFM) protein in the control diet 
was isonitrogenously replaced by MPF, and in experiment 2, 20 to 40% of WFM protein was replaced 
by a combination of MPF and defatted soybean meal (SBM) at a protein ratio of I : 1. These diets 
were fed to fingerling flounder with an initial mean weight of about 15g for 4 weeks at 20 'C. 
In experiment l, weight gain and feed efficiency in the fish fed diets with 10 and 20% replacement 
levels were not significantiy different from those of the control group. The combined use of MPF and 
SBM in experirnent 2 improved the inferior weight gains in the fish fed diets with 30 and 40% 
replacement levels in experiment l, up to 81 and 84% of the weight gain attained by the control group, 
respectively, 
These results suggest that MPF can substitute 20% of WFM protein in a fingerling flounder diet, 
and that use in combination with SBM would be one of the ways to improve the perforrnance of the fish 
fed MPF diets. 
Ksy words : dlet, growih. Japanese flounder, malt protein flour, protein source, soybean meal 
Previously, we have reported on the utilization of malt protein flour (MPF), a new protein-rich 
ingredient made from brewer's spent grain, in the diets for fingerling rainbow trout Oncorhynchus mykiss. 
The results obtained revealed that (D MPF was a promising alternative protein source for fish meal and 
could substitute 40% of white fish meal (WFM) protein, and OO% of WFM protein with the 
supplementation of crystaWne essential amino acids (EAA) (Yamamoto et al. 1994b), and that (2) the 
combined use of MPF and defatted soybean meal (SBM) at the crude protein ratio of I : I improved EAA 
balance in the diets and caused better growth and feed performances than the use of either MPF or SBM 
alone (Akiyama et al. 1993, Yamamoto et al. 1994a). In sea-water fish, Shimeno et al. (1994) showed 
that MPF could substitute up to 20% of fish meal in the diets for fingerling yellowiail Seriola 
quinquerad iata. 
In this research, we studied the utilization of MPF in the diets for fingerling Japanese flounder 
Paralichthys olivaceus, and conducted two feeding experiments to examine the maximum substitution 
level of MPF for WFM protein, and the effect of combined use of MPF and SBM. 
* Inland Station, National Research Institute of Aquaculture, 
f~UI~C~~ : ~~~~~f~~t~~lE･_~~:r~T~~) 
Tamaki, Mie 519-04, Japan (lll~l~~U~~, 
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Materials and Methods 
Eaperimental diets The formulations and proximate anaiyses of the test diets in experirnents I and 2 are 
presented in Tables I and 2, respectively. In experirnent 1, WFM was used as a sole protein source to 
provide approxirnately 50% crude protein in the control diet (diet 1). In diets 2 to 6, 10 to 50% of WFM 
protein in the control diet was isonitrogenously replaced by MPF. Fat content in the diets was adjusted 
with polbck viscera oil to provide approxirnately 10% crude fat. Gelatinized potato starch was 
supplemented to adjust gross energy content. Wheat gluten was used as a binding substance at 5% 
level after Yamamoto and Akiyama (1992). In experiment 2, 20 to 40% of WFM protein in the control 
diet (diet 1) was isonitrogenously replaced by MPF and SBM in diets 2 to 4. The ratio of MPF to SBM 
was I : I on a crude protein basis following Akiyama et al. (1993). An these ingredients were thoroughly 
mixed and moistened by addition of 10% water (vlw), and then pelleted in a Califomia pellet rnill. The 
test diets were stored at -20 'C until being fed to the fish. 
In this paper, we introduced a new concept of "relative volume" expressed as volume in ml per unit 
weight in grams of a diet or an ingredient to examine the relationship between food volume and food 
consumption rate. The homogenized materials, diets or ingredients, were packed tightiy by hand with a 
Table 1. Formulations and 
ment 1 
proximate analyses of the diets in expen-
Diet no. 
MPF (%)*1 
l 2 3 4 5 6 
O (controD lO 20 30 40 50 
Ingredient (% wet weight) 
White fish meal 
Malt protein flour 
Pollock viscera oil 
Gelatinized potato starch 
Cenulose 
Vitamin mix*2 
Mineral mix*3 
Wheat gluten*4 
*5 Chromium oxide (50%) 
70.0 
0.0 
3.6 
14.4 
O 
3.0 
3.0 
5.0 
1.0 
63. O 
10.4 
2.8 
lO. 7 
l. l 
12.0 
56. O 
20. 8 
2. 1 
6. 6 
2. 5 
12.0 
49. O 
31.2 
1,3 
2. 8 
3. 7 
12.0 
42 . O 
41.5 
O. 5 
O. O 
4. O 
12.0 
35. O 
51.9 
O. O 
O. O 
1.l 
12.0 
Analysis (% dry weight) 
Crude protein (N x 6. 25) 
Crude fat 
Gross energy (kcal/lOOg diet) 
57  6 
11.4 
523 
7. 2 
ll.3 
52 l 
58. 1 
11.2 
529 
57. 6 
ll.2 
530 
58. 3 
ll. 1 
536 
57. 8 
ll.5 
546 
*2 
*3 
*4 
*5 
* I eplacement level of malt protein flour for, white fish meal protein in diet 
1. 
Sakarnoto et al. (1979). 
U.S.P.XII salt mixture with trace elements (NRC 1973). 
As a binder aker Yamamoto and Akiyama (1992). 
Chromium oxide : cellulose=1 : l. 
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Table 2. Fonnulations and proximate analyses of the diets 
in experiment 2 
Diet no. 
MPF and SBM (%)*l 
l 2 3 4 
O (controD 20 30 40 
Ingredient (% wet weight) 
White fish meal 
Malt protein flour 
Soybean meal 
Polbck viscera oil 
Gelatinized potato starch 
Cellulose 
Vitamin mix*2 
Mineral ntix*3 
Wheat giuten*4 
Chrorrriurn oxide (50%) *5 
70.0 
O. O 
0.0 
4. 6 
3. 8 
9.6 
3.0 
3. O 
5.0 
1.0 
56.0 
9. 5 
ll.3 
4. 4 
2. 1 
4. 7 
12.0 
49.0 
14.2 
16.9 
4.3 
l.2 
2.4 
12.0 
42.0 
19.0 
22.6 
4. 1 
O.3 
0.0 
12.0 
Jknalysis (% dry weight) 
Crude protein (N x 6. 25) 
Crude fat 
Gross energy (kcayIOO g diet) 
55.2 
l0.8 
504
55. 6 
ll.1 
512 
55.6 
ll.2 
515 
55.8 
11. l 
517 
*1 Replacement level of the combination of MPF and SBM for 
white fish meal protein in diet l. 
*2-5 See the footnotes of Table l. 
plunger in a I ml syringe and weighed. The relative volume was expressed as the reciprocal of the 
grams per ml value. The relative volumes of several ingredients and the test diets are presented in 
Table 5. 
Fish and Feeding Procedures The test fish in experiments I and 2 were transferred to the National 
Research Institute of Aquaculture (Nansei Station. Mie, Japan) from the Mie Prefectural Fish Fanning 
Center. Japan, and from the Nansei-cho Fish Seed Center, Mie, Japan, respectively. In both 
experiments, 20 fish were stocked in a polyvinyl chloride tank (60 x 25 x 30 cm, holding 40 1 of water) for 
each dietary treatrnent (2 replicates for each treatment), and supplied with temperature-regulated sea 
water (20 ~0.2 'O at a rate of 1.5 l/min. The fish were fed a commercial diet and were acclimated to 
the experirnental conditions for 2 weeks before the start of feeding trials. In the feeding trials, the fish 
were fed the test diets to satiation by hand twice per day, 6 days per week for 4 weeks. The initial 
mean weights of the fish were 14 g in experirnent I and 15 g in experiment 2. Just before the start of 
the feeding trials, 10 fish were randomly sacrificed and stored at - 20 'C for the proximate analyses of 
the whole body. The fish were weighed every two week after being anesthetized with O. O1% ethyl 3-
aminobenloate methanesulfonic acid. At the end of the feedng trials, 3 fish were randomly sampled 
from each tank and stored at -20 'C for proximate analyses. 
During the last 2 weeks of the feeding trials, feces were collected by forceps with small scoops 
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mounted on the tips. Before and after each feeding of a day, the feces were picked up from the tanks 
with the forceps and pooled by each tank for the analyses of apparent digestibility of the nutrients. 
Analytical Methods Proximate analyses of the test diets, the whole bodies, and the feces, calculations of 
parameters on growth and feed performances, and statistical analyses of the parameters, were carried 
out according to the methods described in Yamamoto et al. (1994b). 
Results 
Experiment I The results of experirnent I are presented in Table 3. Weight gain, feed efficiency, and 
retentions of protein and energy of the fish fed diets containing MPF at 10 and 20% replacement levels 
showed no significant differences (p > 0.05) compared with the fish fed the control diet. However, 
further levels of replacement of WFM by MPF significantly reduced weight gain, feed efficiency, and 
Table 3. Growih and feed perforrnances of J~panese flounder in experirnent 1*l 
Diet no. 
MPF (%)*2 
1 2 3 4 5 6 
O (controD lO 20 30 40 50 
Growth and feed performances 
Average body weight (g) 
Initiai 
Final 
Average weight gain (g) 
Average dry food intake (g) 
Weight gain (%)*3 
Feed efficiency (%)*3 
Daily food consumption (%)*3 
Survival (%) 
13. 72 
28. 97 
15. 25 
12.85 
110.9'*4 
1 18. 7' 
2. 15b 
IOO 
14. OO 
28.44 
14.44 
12.35 
l02.9' 
ll6.9' 
2. 14b 
97.5 
13.34 
25. 18 
11.84 
ll.38 
88. 7hr 
104.0lx 
2. 10b 
IOO 
13. 89 
23.44 
9.35 
l0.96 
68. 7'b 
87. l'b 
2.08b 
97. 5 
14. 02 
21.62 
7. 60 
9.05 
54. 2" 
84. O'b 
1 . 82* 
1 OO 
13. 77 
20. 47 
6. 70 
8. 84 
48. 5' 
75. 8' 
1 . 84' 
1 OO 
Pooled SEM 
7.90 
6. 72 
0.056 
Whole body composition ('~o) 
Initial 
Moisture 78. 9 
Crude protein 16. l 
Crude fat O. 9 
76. 3' 
16.9s 
2 . 8bc 
75. 6a 
17. 3a 
2 . 9c 
76. 2a 
l 6. 8a 
3. Oc 
76. 4a 
16. 9a 
3. Ic 
76. 6a 
1 7, oa 
2, 4ab 
76. 7a 
1 7. oa 
2. Ia 
O. 29 
0.21 
O. 12 
Apparent digestibility (%) 
Protein 
Energy 
90.20 
90 . oe 
88. 2bc 
83. 3d 
88. Obe 
79. 9'd 
88. Obc 
76. 7bc 
85. Ia 
71 . 7ab 
83. 5a 
66. oa 
O. 62 
l.66 
Retention (%)*3 
Protein 
Energy 
36.2b 
32.8' 
37. 5b 
34. 2' 
31.6'b 
30. Obc 
27. 4a 
26. 3ab 
26. 8a 
24. 7ab 
24. 9a 
2 1 ' 6a 
l.94 
1.60 
*1 
*2 
*3 
*4 
Average value of duplicate tanks containing 20 fish each reared for 4 weeks at 20 'C. 
See the footnote of Table l. 
Calculated as detailed in Yamamoto et al. (1994b). 
Values in the same row followed by different letters are significantly different (p < 0.05). 
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retentions of protein and energy (p < 0.05). For example, the weight gains of the fish fed diets with 30 
and 40% MPF Ievels were only 62 and 49% of the weight gain attained by the control group. Daily food 
consumption gradually decreased as the level of MPF in the test diets increased. In the whole body 
composition, moisture and crude protein did not vary signiticantly among the treatments, however, crude 
fat contents in the fish fed diets containing MPF at 40 and 50% Ievels were lower than the others. 
Apparent digestibility of the dietary protein in the control diet and the diets with the 10 to 30% MPF 
levels showed no sigaificant differences, however, the values of the diets with the 40 and 50~1~o MPF 
levels were sigrrificantly lower than that of the control diet. Additionaliy, apparent digestibility of the 
dietary energy decreased as the MPF Ievel in the test diets increased. 
Eaperiment 2 The results of experirnent 2 are presented in Table 4. The fish fed a diet containing 
MPF and SBM at 20% replacement level showed good growth without a significant difference irom the 
control group. Although weight gains in the fish fed diets with 30 and 40% replacement levels were stm 
Table 4. Growth and feed performances of Japanese flounder in experiment 2*l 
Diet no. 
MPF and SBM (9i20)*2 
l 2 3 4 
O (control) 20 30 40 
Growih and feed performances 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average dry food intake (g) 
Weight gain (%)*3 
Feed efficiency (%)*3 
Daily fbod consumption (%)*3 
Survival (%) 
14. 65 
40. 88 
26. 23 
17. 18 
1 79. ob*4 
152. 7' 
2.21" 
IOO 
15.00 
40. 45 
25. 45 
17.35
169. 6b 
146. 7' 
2. 23' 
97. 5 
14. 66 
35.84 
2 1. 88 
15.33 
144. 7' 
138.2' 
2. 23' 
92. 5 
14.92 
37. 43 
22. 51 
16. 18 
l 50. 9' 
139. 1* 
2.21* 
IOO 
Pooled SEM 
3. 80 
3. 84 
o. 034 
Whole body composition (%) 
htitiai 
Moisture 77. 7 
Crude protein 16. 6 
Crude fat 1.2 
75. Ia 
17. Ia 
3.2a 
75. 4' 
16. 9a 
2.9a 
75.9a 
1 7. O~ 
2. 5a 
75. 4a 
17.2a 
2. 9a 
0.41 
O. 19 
O. 18 
Apparent digestibilty (%) 
Protein 
Energy 
S9. 4b 
80. 5b 
87.6"b 
80. 6b 
~~. 4a 
75. 7a 
85. Iab 
75. 2a 
1. 19 
l. 16 
Retention (%)*3 
Protein 
Energy 
48. Ob 
43. 8' 
44. 9a 
39, Ib 
42. 8a 
35. 5a 
43. 8a 
37. 5'b 
O. 71 
O. 52 
*l 
*2 
*3,4 
Average value of duphcate tanks containing 20 fish each reared for 4 weeks at 20 'C. 
See the footnote of Table 2･. 
See the footnotes of Table 3. 
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lower than that of the control group, the values were improved up to 81 and 84% of the weight gain 
attained by the control group. Feed efficiencies in the fish fed diets containing MPF and SBM were 
slightly lower than that of the control group, but no significant differences were detected between the 
control group and the others. Daly food consumption was similar over all treatments. Proximate 
composition of the whole bodies did not vary between the groups. Apparent digestibilities of dietary 
protein and energy by the fish fed the diets with the 30 and 40% replacement levels were lower than 
those of the control diet, however, the differences were small. A]though significant differences were 
observed in protein and energy retentions between the control group and the others, the differences 
were small and even fish fed the 40% replacement level test diet attained 91% of the control value for 
protein retention and 86% of the control value for energy retention. 
Relative Volume of the Ingredients and the Test Diets 
of MPF, and higher than that of SBM (Table 5). 
Th  relative volume of WFM was lower than that 
The v lumes of carbohydrates such as gelatinized 
Table 5. Relative volume of the ingredients and the test 
diets, daily food consumption, and digestible 
energy in experiments I and 2 
Ingredient or diet no. Relative volume*l DFC*2DE*3 
White fish meal 
Malt protein flour 
Soybean mea] 
Gelatinized potato starch 
Cellulose 
l. 14 
1.23 
1.01 
1. 76 
2. 07 
Expt, 
1 
2 
3 
4 
5 
6 
1 
(controD*4 
(MPF% 10) 
(MPF% 20) 
(MPF% 30) 
(MPF% 40) 
(MPF% 50) 
o. 99 
l 02 
1.01 
l . 02 
1.oe 
1. ro 
2. 15 
2. 14 
2. lO 
2.08 
1,82 
1. 84 
470 
434 
423 
407 
384 
360 
Expt. 
1 
2 
3 
4 
2 
(controD *5 
(MPF + SBM% 20) 
(MPF + SBM% 30) 
(MPF + SBM% 40) 
l.05 
l. 2 
l.O1 
O. 98 
2.21 
2. 23 
2. 23 
2.21 
406 
413 
390 
389 
*2 
*3 
*4 
*5 
* I xpressed as reciprocal of g/ml ingredient or test diet 
packed tightly in a I ml syringe. 
Daily food consurnption (%) of the fish fed each diet. 
Digestible energy (kcal/lOO g diet) of each diet expressed as 
gross energy x digestibility of energy. 
See the footnote of Table 1. 
See the footnote of Table 2. 
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potato starch and cellulose were much higher than the protein sources used in this study. The relative 
volumes of the test diets in experiment I gradually increased as the replacement level by MPF increased. 
On the contrary, the volumes of the diets in experiu]ent 2 decreased as the replacement level by MPF 
and SBM increased. 
Daily food consumptions by the fish and digestible energy contents of the diets in both experiments 
are listed together in Table 5 to facilitate examination of the relationship to the relative volumes of the 
diets. Digestible energy contents (gross ehergy >< digestibihty of energy) of the diets reflected the trend 
in the digestibility of energy and followed a ~ecreasing trend. 
Discussion 
Only a few examinations have been conducted on the utilization of altemative protein sources for fish 
meal in flounder diets. Kikuchi et al. (1993) reported that purified SBM was the most promising among 
several sources, and subsequently Kikuchi et al. (1994) further reported that 12 to 25% of feather meal 
could be incorporated in the diet. In the present study, the maximum substitution level of MPF for 
WFM protein in the flounder diet was estimated to be 20~*. In yelbwtail. Shirneno et al. (1994) recently 
obtained the sirnnar result that the substitution level of MPF for fish meai protein was about 20%. 
These substitution levels of MPF are low compared with the values of 40% in rainbow trout (Yamamoto 
et al, 1994b), and 30% in red sea bream P~rus major (Yamamoto et al. 1994c). 
Comparing the results of the present two experirnents, the growih and feed performances in the fish 
fed diets with 30 and 40% replacement levels in experirnent I were improved in experirnent 2, so that the 
beneficial effect of combining MPF atid SBM was reconfirmed in flounder as observed in rainbow trout 
(Akiyama et al. 1993, Yamamoto et al. 1994a). However, the fish performances could not reach the 
levels of the control group. 
There are two potential main causes of the inferior perfonnances in the flounder fed diets containing 
higher level of MPF. One is a poorer essential antino acid balance in the diets. Although the 
quantitative amino acid requirement of flounder has not been elucidated yet, fingerling flounder might be 
more sensitive to the EAA balance in MPF diets than rainbow trout. The other is a poorer digestibility 
of the nutrients in MPF, especially that of the protein. The apparent digestibilities of MPF and SBM 
proteins by rainbow trout were reported to be 82% (Yamamoto et al. 1994b), and 83 to 94% (Nose 1971, 
Pongrnaneerat and Watanabe 1993), respectively. Unpublished data of Yamamoto et al. revealed that 
the apparent digestibnities of MPF and SBM proteins by fiounder was 69 and 80%, respectively. Thus, 
the ability of fiounder to digest plant proteins seems to be lower than rainbow trout. 
In flounder, Kikuchi et al. (1992) reported that dietary carbohydrate did not spare dietary protein, 
and Yamamoto and Akiyama (1992) showed that dietary fat also did not show protein sparing effect. 
Judging from these observations, flounder appear highly dependent on protein as their energy source. 
In flounder diets, therefore, it is necessary to use protein sources with high digestibility. Thus, further 
examinations are necessary to develop a processing method for improving the digestibility of protein in 
MPF as well as to establish a hetter combination among several protein sources which would bring about 
a better EAA balance for fiounder. 
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Daily food consumptions in the fish fed diets with MPF and SBM in experiment 2 were the sarne 
across the groups (Table 4) in contrzist with the decreasing trend across the groups in experiment l 
(Table 3). Akiyarna et al. (1993) observed that daily food consurnption increased as the SBM : MPF 
ratio increased in rainbow trout diets: Thus, inclusion of SBM in a diet containing MPF appears to 
enhance food intake. Further, Yamamoto and Akiyama (1991) previously reported that daly food 
consumption in rainbow trout increased as the replacement level of WFM by SBM in the diets increased. 
Watanabe et al. (1992, 1993) also observed sirnilar phenomena in yellowtail and rainbow trout and they 
suggested that the increase of food consumption caused by SBM might be partly due to the lower 
digestible energy content in the SBM diets. 
It is possible that other factors infiuence daly food consurnption. For exarnple, in the present 
work, the daily food consumption did not increase despite the fact that the digestible energy content 
decreased as the MPF Ievel in the diets increased (Table 5). One factor that may infiuence food 
consumption is the relative volume of diets and ingredients. In this study, the relative volumes of the 
flounder diets containing MPF folbwed an increasing trend. By contrast, the volumes of the diets 
containing both MPF and SBM followed a decreasing trend. We found that the relative volumes of 
dietary components were reflected in the volume of the diets. Among the protein sources used in this 
study, the relative volume was the highest in MPF, intermediate in WFM, and the lowest in SBM. 
Therefore, if au fish ate the same volume of feed to fill the stomach capacity, then the fish fed the highest 
level of MPF would eat the least weight, WFM intermediate and SBM the most weight. Accordingly, in 
experirnent 1, daiiy food consurnption expressed as weight of food consumed decreased as the 
replacement level of WFM by MPF increased. In experitnent 2, half of MPF in experirnent I was 
replaced by SBM in the diet, so that the fish could consume more weight of the diet with lower relative 
volume, and the food consumption did not decrease in consequence. 
In the present study, WFM was replaced by an isonitrogenous amount of ivlpF or a combination of 
MPF and SBM. In addition, gelatinized potato starch and cellulose, which have high values of the 
relative volume (Table 5), were supplemented to adjust energy content and total weight of the 
ingredients, respectively. The total amounts of these carbohydrates in the diets decreased as the 
replacement levels increased. Therefore, the decreasing trend in daily food consumptions in experirnent 
1 and the increasing trend in experirnent 2 were less marked than expected shnply from the volumes of 
the respective protein components. 
Because about one-third of MPF is composed of non-nutritive carbohydrates such as hemicellulose 
and cellulose (Yamamoto et al. 1994b), reduction of such carbohydrates in MPF would be one of the ways 
to increase consumption of MPF diets and possibly to improve growth performance in conSequence. 
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ヒラメ稚魚飼料における麦芽たん白の利用性
山本剛史・鵜沼辰哉・秋山敏男
　ヒラメ稚魚飼料への麦芽たん白（MPF）の添加可能率およびMPFと脱脂大豆（SBM）の併用効
果にっいて検討した。試験1では，MPFによる魚粉タンパク質置換率が0－50％の飼料，試験2
ではMPFとSBMの併用（粗タンパク質比で1：1）による同0～40％の飼料を作製し，それぞ
れを平均体重14および15gのヒラメに飽食給餌し，水温20℃のもとで4週間飼育した。試験1
の増重率，飼料効率は置換率が0～20％飼料区では有意差が認められなかった。試験2ではSBM
の併用により，置換率30～40％飼料区の増重率が対照区の81および84％にまで改善され，飼料効率
にも有意差は認められなかった。これらの結果からヒラメ飼料では，MPFは最大20％の魚粉タン
パク質を代替できること，また，MPFとSBMの併用により増重率や飼料効率が改善されること
が明らかとなった。
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Utilization of Malt Protein Flour in Fingerling Carp Diets*1 
Takeshi Yamamoto,*2 Tatsuya Unuma,*2 Toshio Akiyama,*2 and Sohtaroh Kishi*3 
*2lnland Station, National Research Institute of Aquaculture, Tamaki, Mie 519-04, Japan 
*3Toride Factory. Kirin Brewery Co., Ltd.. Toride, Ibaraki 302, Japan 
(Recetved November 1 7, 1 995) 
A feeding experiment was conducted to evaluate the nutritional value of malt protein flour (MPF) 
in diets for fingerling carp Cyprinus carpio . In the control diet, white fish meal (WFM) was used as the 
sole protein source to provide approximately 350/0 crude protein. In the test diets, the WFM protein in 
the control diet was isonitrogenously replaced by; (1) MPF at the 20, 40, and 600/0 Ievels; (2) a combina-
tion of MPF and defatted soybean meal (SBM) at the 40 and 600/0 Ievels; (3) MPF supplemented with 
crystalline essential amino acids (EAA) at the 600/0 Ievel; and (4) extruded MPF at the 600/0 Ievel. These 
diets were fed to satiation to fingerling carp with an initial mean weight of 5.5 g for 6 weeks at 26'C. 
The fish fed the diets with the 20 and 400/0 MPF substitution levels, and the 600/0 MPF Ievel sup-
plemented with EAA, showed good growth, feed efficiency, and retention of dietary protein, and the 
values of these parameters were not significantly different from those of the control group. Moreover, 
the weight gains of the fish fed the diets containing both MPF and SBM at the 40 and 600/0 replacement 
levels were significantly higher than that of the control group. 
These findings suggest that the use of MPF in combination with SBM is more effective as a substitu-
tion of fish meal in fingerling carp diets than is either MPF alone or MPF supplemented with crystalline 
EAA . 
Key words: alternative protein source, carp, diet, growth, malt protein flour, soybean meal 
Nutritional evaluation of malt protein flour (MPF) as an 
alternative protein source for fish meal has been conducted 
with rainbow trout Oncorhynchus mykiss,1-3) Japanese 
fiounder Paralichthys olivaceus,4) red sea bream Pagrus 
major,5) and yellowtail Serio!a quinqueradiata.6) The 
results obtained from these studies have revealed that 
MPF is a promising alternative protein source for fish 
meal, and that the maximum substitution level of fish meal 
protein by MPF is between 20 and 400/0. Moreover, the 
nutritional quality of a diet containing MPF is enhanced 
when this protein source is combined with defatted soybe-
an meal (SBM) in diets for both rainbow trout2,3) and 
Japanese flounder.4) However, these 4 fish species are com-
paratively carnivorous and no work has been conducted 
on the utilization of MPF by omnivorous or herbivorous 
species. 
The present study was , therefore, conducted to evaluate 
the nutritional value of MPF as an alternative protein 
source for fish meal in diets for fingerling carp Cyprinus 
carpio, and to find the maximum substitution level of the 
fish meal protein by MPF. The nutritional value of a mix-
ture of MPF and SBM, of MPF with supplemental crystal-
line essential amino acids (EAA), and of extruded MPF 
(EXMPF) were also examined. 
Materials and Methods 
Experimental Diets 
The formulation and the proximate composition of the 
experimental diets are shown in Table I . In the control diet 
(die  l), white fish meal (WFM, Emerald Seafoods, USA) 
wa  us d as the sole protein source to provide approximate-
ly 350/0 crude protein. In order to determine the maximum 
substitution level of WFM protein by MPF, three diets 
(diets 2, 3 and 4) were prepared, in which 20, 40, and 600/0 , 
respectively, of th  WFM protein in the control diet was 
isonitrogenously replaced by MPF. Two diets (diets 5 and 
6), in which 40 and 600/0 of the WFM protein in the con-
trol diet was replaced isonitrogenously by MPF and SBM 
(Marube  Shiryo Co. , Ltd.. Japan), w-*re prepared to in-
vestigate the nutritional value of the mixture of these two 
ingred ents. The crude protein ratio of MPF to SBM in 
these diets was I : I following the result of Akiyama et al. 2) 
Another diet (diet 7) was prepared, in which crystalline 
E~L was supplem nted t  a 600/0 MPF replacement level 
diet, so that the EAA content was comparable to that of 
th  control iet. The composition of EAA supplemented 
was calculated based on the analyzed EAA compositions 
of WFM and MPF (Table 2). In the final diet (diet 8), 600/0 
of the wrM protein in the control diet was replaced by Ex-
MPF protein. The extrusion conditions of MPF are as fol-
lows: feed rate (kg/h), 70; water injection (kglh), 40; 
steam injection (kglh), 8; material press (bars), 16; materi-
al temp. ('C), 137. As the EXMPF was processed from a 
different lot of MPF that was used in other diets, the proxi-
mate and amino acid compositions of the EXMPF are 
slightly different from those of the MPF (Table 2) . Pollock 
visceral oil (Riken Vitamin Co., Ltd., Japan) was sup-
plemented to adjust the crude fat level of the diets to 100/0 . 
Gelatinized potato starch was also added to adjust the 
*l Abst. Metg. Japan. Soc. Fisheries Sci., April, 1995, p. 37 (in Japanese). 
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Tab置e1．
Yamamoωθ∫4乙
Form皿lations　a皿d　proximate　a駆alyses　of　the　experimental　diets
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　、
Diet　no・ 1 2 3 4 5 6 7 8
Replacement（％）辱1 0（control）20MPF40MPF60MPF40MPF十SBM
60MPF
十SBM
60MPF
十EAA60ExMPF
Ingredient（％）
　White最sh　meal
　Malt　protein　nour
　Soybean　meal
　Poliock　visceral　oil
　Ge夏ad！虹zed　potato　starch
　Cellulose
　EAA　mix＊3
　Vitamin　mix＊4
　Mineτal　mix零4
　NaH2PO4
　CMσNa噛4
　Chromic　oxide（50％）＊4
Analysis（％dry　we五ght）
　Crude　protcin（N　X6。25）
　Crude　fat
　Crude　starch＊5
　Crudeash
　Gross　energy（kca1／100g　diet）
51，1
6．2
25．018
37．0
　9．8
28．4
13。1
459
40．7
14．3
5．0
24．4
5．7
9．9
36．5
10．0
30．1
11．8
468
30，4
28，5
3．8
23，9
3．5
9，9
36．9
10．3
31．4
10．0
479
20．2
42．6
2．6
23。3
1．4
9．9
36．2
10．6
33．1
　8．6
492
30．4
14．3
14．7
5．3
23．0
2．4
9．9
36．9
10．5
29．6
10．7
478
20．2
21．4
22．0
4．8
21，7
9．9
36．7
10．2
31．4
　9．6
482
20．2
38．8
3，1
23，4
2．2
2，4
9．9
36．7
10．4
31、4
　8．5
492
20．2
43．1＊2
3．1
23，3
0．4
9、9
36．3
10．2
33．4
　8．7
487
宰L　Replacemen“evel（％）and　akematlve　proteln　source（s）for　white飴h　meal　protelmn　the　control　diet（diet1），
寧2Extruded　MPF．
串3Essential　amino　acid　mixture　contained　the　followings（g）：Lys・HCil1．30，Arg；0．41，Met；0．29，Thr；0．26，Ile；OJO，Hisl　O．03．
零4　Sa皿e　a5in　the　prevlOus　pape【。1》
宰5Carbohydrate　hydrolyzed　by　bo茸ling5％Hq　for2h．
Tab垂e2．Amino　acid　and　p【ox㎞ate　compositions　of　dietary　pτQtein　sources
Prote血souτces
WFM＊！ MPFホ1 ExMPF＊1 SBM＊1
Amino　acid　composition
　Arginine
　Hisddine
　Isoleuc血e
　Leucine
　Lysine
　Methionine
　Cystine
　Phenylalanine
　Tyros血e
　ThτeOIオne
　Tryptophan
　Valine
Alanine
Aspartic　acid
Glutam孟c　acid
Glyci丑e
Proli皿e
Hydroxyproline
Seri且e
Taurine
（％inp【otein）
　　　　6．16
　　　　1，83
　　　　4．22
　　　　7．47
　　　　7．94
　　　　3．09
　　　　1．19
　　　　4．0且
　　　　3．48
　　　　4．28
　　　　0．47
　　　　4．89
6．02
7．61
14．57
6．81
4．34
1．03
4．57
0．69
4．68
1．89
4．24
9．00
3、24
1．91
2．40
5．83
3．77
3．41
0．47
5．47
5、06
5．i6
22．62
3．71
10．96
N．D，申2
4．25
N．D．
4．86
2．09
4．12
8．51
3．23
1．74
2．19
5．58
3．52
3．26
0．42
5、23
4．56
5．89
22．56
3．30
10．32
N，D．
4．48
N．D．
7。02
2．22
4，70
7．68
6．11
1，17
1，66
5．16
3．52
3．77
0．36
4．74
4．41
9．05
19。21
4．44
5．69
N．D．
5．00
N．D．
Proximate　compos正tioロ（％）
　Moisture
　Cr臆de　protei且（N×625）
　Crude　fat
　Crude　starch
　Crude　ash
4．0
67。1
7．1
1．6
17．9
5．8
47．6
13。4
19．2
1．7
7、7
46．4
11．9
18．1
1．8
10．3
44．3
1．8
19．0
5．8
毒l　WFM＝white且sh　mea1，MPF＝malt　prote圭n　nour，ExMPF＝extruded　ma且t　protein且our，SBM＝soybean　meaL
象2Not　detected．
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Table 3. 
Use of MPF in Carp Diets 
Essential amino acid composition of the experimental diets (g/ 100 g diet)*1 
78s 
Diet no . l 2 3 4 5 6 7 8 
Replacement (o/o)*2 O(control) 20MPF 40MPF 60MPF 
Carp 
60MPF 60MPF 60EXMPF + SBM + SBM + EAA 
Essential amino acid 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Trypto phan 
Valine 
EAAI*4 
2.1 1 
0.63 
1 .4S 
2.56 
2.72 
l .06 
0.41 
l.38 
l . 19 
l .47 
O. 16 
l .68 
88.3 
2.00 
0.63 
1 .44 
2.65 
2.39 
O . 97 
0.49 
l .49 
l .21 
1 .40 
0.16 
1.71 
87.4 
l . 89 
0.63 
1.44 
2.75 
2.06 
0.89 
0.57 
l.61 
l .22 
1 .34 
0.16 
1 .74 
85.9 
l.78 
0.63 
l .43 
2.84 
1 .73 
0.81 
O.65 
l .73 
1 .24 
1 . 27 
O, 16 
l .77 
84, l 
2.03 
0.65 
1 .46 
2.64 
2 . 24 
O.84 
0.48 
1 .55 
l .20 
l .35 
O. 1 5 
1 .68 
87 . 1 
2,00 
0.66 
1 .46 
2.68 
2.00 
0,73 
0.52 
l .64 
l .20 
1.30 
0.15 
l .68 
86.2 
2,11 
0.63 
1 ,46 
2.68 
2.72 
1 .06 
0.61 
1 .62 
l.17 
1 ,47 
O, 15 
l . 67 
86,8 
l .8 1 
0.67 
1 .40 
2.7 l 
l .72 
O . 77 
O . 60 
1 .66 
l.18 
l .23 
0.15 
l .7 1 
84.7 
l . 37 
O.46 
O.81 
l .47 
1.86 
0.56 
0.28 
1 .05 
0.70 
l.16 
0.25 
1 .05 
*1 Calculated from the analyzed amino acid composition of the protein sources taking into consideration of supplemental crystalline amino acids. 
'2 See the footnote of Table i. 
': Essential amino acid requirement of carp at 35'/. dietary crude protein ievel reported by Ogin0.7] 
*4 Essential amino acid index using A/E ratios of carp requireme!~t7] as the reference pattern. 
non-fiber carbohydrate level of the diets. Chromic oxide 
was included as an inert reference substance for determin-
ing apparent digestibility of nutrients. The EAA indexes 
(EAAI) for these diets, which were calculated using A/E 
ratios of the EAA requirement of carp,7) are given in Table 
3. All the ingredients were thoroughly blended, moistened 
by addition of 100/･ water (v/w), and then pelleted in a 
Laboratory Pellet Mill CL-2 (California Pellet Mill Co., 
USA). The pelleted diets were stored at - 20'C until fed to 
the fish. 
Fish and Feeding Procedures 
Carp fingerlings were transferred from the Gunma 
Prefectural Fisheries Experimental Station to the National 
Research Institute of Aquaculture (Inland Station). The 
fish were stocked into three tanks (90 X 45 x 45 cm, holding 
1 OO / of water), and were fed a commercial carp feed (Nip-
pon Formula Feed Mfg. Co., Ltd., Japan) for I month at 
25'C. Twenty similar-sized fish were then selected and 
stocked into each of 16 polyvinyl chloride tanks 
(50 x 20 X 35 cm, holding 20 1 of water) where they were ac-
climated to the rearing conditions for two weeks. The 
tanks were supplied with preheated well water (26 :!: 0.3 'C) 
at a fiow rate of I l/min. In the feeding trial, fish in dupli-
cate tanks (mean initial weight of 5 .5 g/fish) were fed each 
of the experimental diets. For 6 weeks, they were fed to 
satiation 4 times daily in the first 2 weeks, and 3 times daily 
in the following 4 weeks. The handling and sampling proce-
dures for the fish were the same as described in the previ-
ous paper.1) 
After the feeding trial, the remaining fish were fed their 
experimental diets for 2 additional days. At 6 h after the 
final feeding, blood was sampled from 3 fish in each tank, 
The blood was withdrawn from the caudal vein-artery com-
plex with a heparinized syringe fitted with a 23G needle. 
Part of the blood was immediately used for determining 
hematocrit value (Ht), and the remaining blood was cen-
trifuged at 3,000 rpm for 10 min to obtain a plasma sam-
ple. Equal volumes of the 3 plasma samples from each 
tank were pooled to one and were stored at - 80'C for ana-
lyses of hemochemical constituents and enzyme activities. 
For 2 weeks after the blood sampling, feces were collect-
ed every 3 days directly from the fish by pressing the abdo-
men at 6 to 8 h after the morning satiation feeding. Feces 
f m each tank were pooled and stored at -20'C until 
analysis for determining apparent digestibility of 
nutrients . 
A nalytica/ Meth ods 
The proximate analyses of the diets, the whole bodies, 
and the feces, the amino acid analysis of the dietary pro-
tein sources, and the calculations of growth and feed per-
formance parameters were carried out as detailed in 
Yamamoto et a/. l) 
The hemochemical constituents and enzyme activities 
were analyzed by an automatic biochemical analyzer 
Spotchem 4410 (Kyot  Daiichi Kagaku Co., Ltd. , Japan), 
u ing clinical investigation kits . The constituents and activ-
ities examined were as follows: total protein (TP), triglycer-
ide (TG), total cholest rol (T-Cho), glucose (Glu), calcium 
(Ca), aspar ate aminotransferase (GOT, EC 2.6.1.1), 
alka ine phosphatase (ALP, EC 3.1.3.1), and lactic 
dehydrogen se (LDH, EC 1.1 .1.27). 
The si nificance o  ifferences in treatment means for 
each paramet r as determined by a one-way analysis of 
varianc  (p <0.05), and a chi-square test was employed to 
determine the uniformity of the variances (p < 0.05) . After 
the e compariso s, Duncan's multiple range test was ap-
plied to determine significant differences between individ-
ual treatments at a significant level of p <0.05. 
Results 
Growth and Feed Performances 
The growth and feed performances of the carp are 
shown in Table 4. The fish fed diets with the 20 and 400/0 
MPF Ievels (diets 2 nd 3) showed good growth and feed 
efficiency, and these parameters were comparable to those 
77 
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Table 4. 
Yamamoto et al. 
Growth and feed performance of fingerling carp fed the experimcntal diets*l 
Diet no. l 2 3 4 5 6 7 8 
Replacement (olo)*2 O(control) 20MPF 40MPF 60MPF 40MPF 60MPP + SBM + SBM 60MpF + EAA60EXMPF 
Pooled SEM 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average food intake (g) 
Weight gain ('1o)*3 
Feed efi~ciency ('/o)*~ 
Daily feed consumption ("I･)*3 
Survival (alo) 
5 . 49 
44.78 
39.29 
34.58 
717.0*b*4 
1 13.6b 
3.28* 
100 
S.4S 
47 . 12 
41 .67 
36.84 
7 64 . 5b* 
ll3.1b 
3 . 34'b* 
1 OO 
5.46 
45.66 
40.20 
3 5 .42 
738.0b* 
1 13.5b 
3 . 3 Oab 
100 
S.50 
39.30 
34.40 
33.73 
626.5* 
l 02 . O' 
3 . 54d 
IOO 
5.51 
53 . 90 
48.39 
42.93 
879.0d 
1 1 2.7b 
3 . 45b*d 
1 OO 
5.47 
5 1 .23 
45 . 76 
41 .83 
837.5･d 
109.5b 
3 . 52d 
1 OO 
S.48 
44.33 
38.85 
35.61 
7 1 O . O'b 
l09.1b 
3.41'b*d 
1 OO 
5.45 
38.91 
33 .46 
32.60 
614.0' 
102.8* 
3 . 5 O'd 
1 OO 
31.81 
I .58 
0.048 
*1 Avcrage value of duplicate tanks containing 20 individuals cach reared for 6 weeks at 26ec. 
*z See the footnote of Table l. 
$; Calculated as detailed in the previous paper.i) 
*4 Values with the same superscripts in the same raw are not significantly different (p> 0.05). 
Table 5. Whole body compQsition of fingerling carp fed the experlmental diets*l 
Diet no. 1 2 3 4 5 6 7 8 
Replacement (olo)*2 O(control) 20MPF 40M P F 60MpF 40MPF 60MPF +SBM +SBM 60MpF + EAA60EXMPF 
Pooled SEM 
Initial Final 
Moisture (o/.) 
Crude protein (N X 6.25) 
Crude fat ("/.) 
Crude ash (~/.) 
Cross energy (kcal/ 100 g) 
77.4 
14.5 
4.8 
2.5 
125
?5 .Oe*2 
14.5* 
6.8* 
2.8bc 
145a 
74.7bc 
14.1a 
7.5ab 
2.6abc 
147ab 
73 .8a 
14.5a 
8 . I bc 
2 . 6ab 
155bE 
74.0ab 
14.0a 
8 . 5c 
2.5' 
IS7c 
74. Iab 
14.5a 
7.9bc 
2 . 9c 
153bc 
73.7a 
14. Ia 
8.2bc 
2.7abc 
1 54bt 
74. Iab 
i4.5a 
8.0bc 
2.5a 
155bc 
74.0ab 
14.2a 
8 . 2bc 
2 . 6ab 
1 54b= 
0.23 
0,25 
o , 07 
2.4 
*1 Average value of two pooled samples (3 fish/sample) from duplicate tanks containing 20 fish each reared for 6 weeks at 26'C. 
'2 See the footnote of Table 4. 
of the fish fed the control diet (diet l). Although no sig-
nificant difference (p>0.05) was detected between weight 
gains of the fish fed the control diet and a 'diet with the 
600/0 MPF Ievel without supplemental EAA (diet 4), the 
feed efficiency of the fish fed diet 4 was significantly 
reduced (p<0.05). The fish fed diets containing both 
MPF and SBM (diets 5 and 6) exhibited significantly 
higher weight gains (p<0.05) than, and the same feed 
efficiencies as, those of the control group. Supplementa-
tion of crystalline EAA to a diet with the 600/0 MPF Ievel 
(diet 7) improved both weight gain and feed efficiency as 
compared with the fish fed the unsupplemented diet 4, and 
the values of these parameters were comparable to the lev-
els attained by the control group. Inclusion of EXMPF 
(diet 8) improved neither weight gain nor feed efficiency as 
compared with the 600/0 untreated MPF Ievel diet (diet 4). 
The daily feed consumption rate showed a slightly increas-
ing trend as the replacement level by the alternative 
sources increased. 
Whole Body Composition 
The whole body proximate compositions of the initial 
and final fish are shown in Table 5. The moisture levels of 
the final fish were lower and the fat levels higher as com-
pared with those of the initial fish. Dietary treatment did 
not significantly affect the crude protein content of the 
fish. Crude fat content showed a slightly increasing trend 
as the replacement level by the alternative sources in-
creas d, while ash content exhibited a slightly decreasing 
tren . How ver, the ash con ents of the fish fed diets con-
taining both MPF and SBM were comparable to the level 
of the control group. The gross energy content of the fish 
in relation to treatment was similar to what was observed 
in the crude fat content. 
Apparent Digestibility of Dietary Protein and Energy 
The apparent digestibilities of dietary protein and 
energy are shown in Table 6. The digestibilities of both pro-
te en rgy in diets with the 20 to 600/･ MPF Ievels 
were slightly lower han those of the control diet, however, 
the digestibilities of diets containing MPF in combination 
with SBM were equivalent to, or slightly higher than, 
those of the control diet. The digestibilities of protein and 
energy in a t w th supplemental EAA showed no im-
provement as compared with those of the unsupplemented 
diet 4, ut the dig stib lities of a diet containing EXMPF 
were higher than those of diet 4, and were comparable to 
the levels found for the control diet. 
Retention of Protein and Energy 
The di tary protein and energy retention values are 
shown in Table 7 . No ignificant differences were observed 
in prote n and energy retentions among treatments, except 
the fish fed diets with the 600/0 MPF Ievel and the EXMPF . 
Supplementation of EAA to the diet with the 600/0 MPF 
l vel improved the protein and energy retentions to the lev-
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787 
Diet no. 1 2 3 4 s 6 7 8 
Replacement ('A )*2 O(control) 20MPF 40MPF 60MPF 40MPF + SBM 60MpF + SBM 6+ EAA 60EXMPF 
Pooled SEM 
Protein 
Energy 
77 .4bc*2 7 1 . 9abc 73 .oabc 
70. 8bed 6 1 . 9ab 63 .4abc 
70.9ab 
59.5a 
80.2c 
73.9d 
77 
71 
.3be 
. 8cd 
68.3a 
62.2ab 
76.6abc 
70.6bcd 
2 . 45 
2.70 
'l Average vaiue of two pooled samples collected from duplicate tanks by pressing the abdomen of the fish. 
*2 See the footnote of Table 4. 
Table 7. Retention of protein and energy in fingerling carp fed the experimental diets ('/･)*l 
Diet no. l 2 3 4 5 6 7 8 
Replacement ('A )*2 O(control) 20MPF 40MPF 60MPF 40MPF +SBM 60MpF + SBM 6 p+ EAA 60EXMP F 
Pooled 
S EM 
Protein*3 
Energf 3 
44.6c*2 
42.lc 
44.2bs 
4 1 . 6bc 
44.4bc 
43 . Oc 
39.0a 
38.5a 
44.4bc 
42.4c 
42.5abc 
41.3bc 
43 . 2'bc 
40.7abc 
40.0ab 
39.2'b 
l . 27 
O . 72 
*1 
*2 
*3 
Average value of duplicate tanks containing 20 individuals each reared for 6 weeks at 26'C. 
See the footnote of Table 4. 
Calculated as detailed in the previous paper.1) 
Tuble 8. Hematological characteristics of fingerling carp fed the experimental diets*l 
Diet no. 1 2 3 4 5 6 7 8 
Replacement (o/o)*2 O(control) 20MPF 40MPF 60MPF 40MpF +SBM 60MPF + SBM 60MPF + EAA 60EXMPF 
Pooled SEM 
Hematcrit ('/･) 
Total protein (g/ dl) 
Triglyceride (mg/d!) 
Total choresterol (mg/ dl) 
Glucose (mgldl) 
Calcium (mgld!) 
GOT (IU/ I ) 
ALP (IUll) 
LDH (IUll) 
34 
2.3 
287
1 79b *2 
54 
10.8 
88 
53 
587 
34 
2.4 
27S 
1 57*b 
51 
11,0 
l 16 
50 
823 
40 
2.3 
306 
l S7*b 
47 
l0.6 
l 16 
66 
66 1 
36 
2.3 
266 
l 54* 
43 
l0.8 
86 
66 
776 
36 
2.2 
310 
143-
45 
10.7 
105 
73 
610 
36 
2.3 
306 
l 46* 
52 
ll.5 
77 
65 
288 
38 
2.4 
287 
144* 
47 
11.2 
136 
57 
558 
35 
2.4 
250 
148-
49 
11.4 
77 
50 
482 
2.4 
O. 12 
26.5 
6.6 
6.6 
O.31 
27.6 
10.5 
265 . 3 
' I Average value of two pooled samples (3 fish/ sample) of duplicate tanks taken at 6 h after feeding each dlet at 26'C . 
ual treatments were not detected except for total cholesterol values. 
*! See the footnote of Table 4. 
Significant diffierences ( p < 0.05) between individ-
els attained by the control group, but the retention by the 
fish fed the EXMPF diet did not improved significantly as 
compared with those by the fish fed the 600/0 untreated 
MPF Ievel diet. 
Hematological Characteristics 
The results of hematological assessments of fingerling 
carp are shown in Table 8 . Dietary treatment did not sig-
nificantly affect Ht. TP, TG, Glu, Ca, GOT, ALP, and 
LDH values. The T-Cho content of the control group was 
higher than those of the other groups and these differences 
were significant for all test groups, except the 20 and 400/-
MPF Ievel diet groups. 
Discussion 
In this study, MPF proved to be a promising alternative 
protein source for fish meal in fingerling carp diets, and to 
be able to substitute 40'/･ of WFM protein in the control 
fish meal diet. This level was the same as that reported for 
fingerling rainbow trout.1) However, when present as 600/0 
replacement of fish meal protein. MPF reduced the rearing 
perfo mance of carp, as was observed in rainbow trout.1) 
Replacem nt of fish meal by a sole alternative protein 
source reduces the substitution limit mainly because of the 
inferior EAA balance, poorer nutrient digestibility, 
presence of antinutritional factors, or non-nutritive com-
ponents of the alternat ve source. Therefore, researchers 
have be n seeking appropriate methods to increase the 
replacement level of dietary fish meal. Their major ap= 
proaches may be summarized as follows: (1) supplementa-
ti n of crystalline EAA, i,8-14) (2) combining multiple alter-
native protein sources,2 ,14-17) and (3) chemical or physical 
treatment of the alternative source itself.12,18-20) Among 
these approaches, (1) and (2) are expected to improve dieta-
ry EAA balance, while (3) is expected to increase the 
availability of nutrients or to reduce non-nutritive and I or 
antinutritio al components . In this study, we also exam-
ined these three approaches for fingerling carp diets con-
taining MPF. 
Suppl mentation of crystalline EAVL to the fingerling 
earp diet with the 600/0 replacement MPF Ievel (diet 7) im-
79 
788 
proved weight gain and feed efficiency of the fish, in com-
parison with the same replacement level diet without EAA 
(diet 4), to the levels comparable to those found for the 
fish fed the control diet (diet 1). The improvement must 
have been caused by an improved dietary EAA balance, 
judging from the increased protein retention, as was ob-
served in rainbow trout,n In this study, however, no in-
crease in protein digestibility of the MPF- diet supplement-
ed with EAA was detected, unlike the rainbow trout 
diets , l) Effects of supplemental crystalline EAA to carp diets 
containing alternative protein sources were also examined 
by Murai et a/,ro,11) and Pongmaneerat et a/,;4).They ob-
served improvements in weight gain, feed efficiency, and 
protein retention of the fish fed diets supplemented with 
EAA (at 7510,ll) and 1000/014) replacement levels, respec-
tively), although these values did not reach the levels at-
tained by the fish fed control fish meal diets. W-e also ob-
served such an insufficient efficacy of supplementing EAA 
to rainbow trout diets containing MPF at 80 or 1000/0 
replacement levels.1) Thus, supplementation of crystalline 
EAA to diets containing high levels of alternative protein 
sources may not be always practical. 
Combined use of two or more alternative sources is 
thought to be a more practical and economical approach 
to improving dietary EAA balance than supplementing 
crystalline EAA, and has been confirmed in several fish spe-
cies.2~,14-17) Pongmaneerat et a/, 14) could replaced 560/0 of 
fish meal in a carp diet with a combination ot~ SBM and 
corn gluten meal. We have examined the effectiveness of 
use of MPF in combination with other alternative sources, 
such as SBM, in rainbow trout2,3) and Japanese fiounder4) 
diets. In both species, fish fed diets containing both MPF 
and SBM showed improved rearing performances as com-
pared with replacement by MPF alone,2,4) and the opti-
mum crude protein ratio of MPF to SBM was estimated to 
be I :1.2) However, the performances of thd fish fed diets 
containing both MPF and SBM did not exceed those at-
tained by the fish fed control fish meal diets. On the other 
hand, in this study, the carp fingerlings fed the diets with 
MPF and SBM combined at the 40 and 600/0 replacement 
levels exhibited significantly superior weight ~ains to that 
of the fish fed the control diet. It seems that the higher pro-
tein digestibility, improved EAA balance, and higher feed 
consumption of the diets containing both MPF and SBM 
resulted in elevated feed efficiency and protein retention, 
and corisequential superior weight gains. The higher pro-
tein digestibility of the MPF-SBM diets would indicate 
that the digestibility of the SBM protein is higher than that 
of the WFM protein as well as of the MPF protein . The die-
tary protein digestibility values obtained in this study, 
however, seemed lower than those of the other studiesl4,21) 
maybe due to the sampling method of this study. Diges-
tibility measurement by individual protein sources using 
tanks designed for collecting feces is now under way. 
In this study, we also examined the efflect of extrusion 
processing on the nutritional value of MPF. The fish fed 
the diet containing EXMPF at the 600/0 replacement level 
(diet 8) did not show marked improvement in rearing per-
formance, except in digestibility of nutrients . We cannot, 
therefore, recommend the use of EXMPF at the 600/0 
replacement level in fingerling carp diets. Although extru-
sion processing of fish diets is reported to enhance starch 
Yamamoto et al. 
dig stibili y,19) the carbohydrate digestibility of MPF by 
carp would no be improved by this process because they 
re composed mainly f fiber, such as hemicellulose and 
cellulose.l] Thus, the improvement in energy digestibility 
of the EXMPF diet can be attributed to the improvement 
in protei  digestibility, as was reported for SBM.20) 
However, it is still u known why the elevated protein diges-
tibility of th  EXMPF diet was not reflected in growth and 
feed efficiency. Further examination of the effect of extru-
sion processing n the utilization of protein in MPF and 
SBM is also under way. 
Pr viously, we noted that the consumption of diets con-
taining MPF by rainbow trout,1) Japanese flounder,4) and 
r sea breams) showed more or less decreasing trends as 
the MPF I vel in the diets increased. Recently, we suggest-
ed tha the relative volume of the flounder diets affects 
feed consumption.4) However, the fingerling carp in the 
present study showed an increasing trend in feed consump-
tion as the dietary MPF Ievel increased. Although the im-
mediate cause of the incr ase in feed consumption could 
not be cl rified in this study, it may be related to the feed-
ing behavior of carp. Carp is a stomachless fish which 
feeds continuou ly during the dayiime, unlike the fish we 
had examined previously. 
The to al plasma cholesterol levels of the carp fed the 
diets containing MPF, or both MPF and SBM, were lower 
than those of the fish fed the control diet. Factors reported 
to influe ce plasma cholesterol level of fish include dietary 
lipid origin22,23) and level,24) and fish size.2s,26) In the present 
study, how ver, the plasma cholesterol levels of the fish 
fed the MPF-SBM diets, which showed the best growth, 
were signific ntly lower than that of the fish fed the con-
trol diet. Thus, the plasma cholesterol level in this study 
cou d be relate o the dietary lipid source (animal or 
plant). Shimeno e  al. ,6) using diets with equal supplemen-
tation pollock liver oil, also observed a decreasing trend 
in the serum cholesterol of yellowtail as dietary MPF Ievel 
increased. Therefore, i  may be necessary to examine how 
dietary 18:2n-6 affects plasma cholesterol level, as suggest-
ed by Shimma et a!.27) 
In this study, we demonstrated that MPF could sub-
stitute 400/0 of WFM protein, and 600/0 Of WFM ptotein 
with supplemental crystalline EAA, in fingerling carp diets 
without any adverse effects on weight gain, feed efficiency, 
and protein retentio . Moreover, the fish fed the MPF-
SBM combination di t at the 600/0 replacement level 
showed a significantly higher weight gain than that of the 
control group. Therefore, we conclude that the use of 
MPF in combination with SBM can more effectively sub-
stitute fish meal n fingerling carp diets than can either 
MPF alone o  MPF with supplemental EAA. 
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要　約
　前章では，ニジマス稚魚用飼料における大亘油粕と麦芽タンパク質の最適配合此率
およびヒラメおよびコイ稚魚用飼料におけるこれら原料の併用効果について検討し
た。その結果，ニジマス稚魚用飼料における大豆油粕と麦芽タンパク質の最適配合比
率はタンパク質換算で1：1であると推察され，大豆油粕または麦芽タンパク質のみ
で魚粉を置換した場合より増重率あるいは飼料効率が改善された。コイ稚魚ではこれ
ら2原料を併用して60％の魚粉を置換した飼料では魚粉飼料より優れた増重率が得
られたが，ヒラメ稚魚ではそれほど顕著な併用効果はみられず，増重率の改善には至
らなかった。一方，ニジマス稚魚で獄飼料の必須アミノ酸指数と魚体へのタンパク質
の蓄積率との問に正の相関関係が認められたが，このことは，使嗣する代替原料のア
ミノ酸組成の特徴に留意して複数の代替原料を適切な比率で配合し，飼料のアミノ酸
バランスを最適化することにより優れた飼育成績が得られる可能性を示唆するもの
と考えられる。
　このような複数の魚粉代替原料の併用効果については，これまでニジマス，コイ，
ブリおよびマダィ等について報告されている。2種類の代替原料の併用効果について
は，大豆油粕とコーングルテンミールの併用に関しては前章で触れたとおりであるが，
その他ニジマスでは家禽処理副産物（poultryby－products）と大豆油粕あるい嫉コ
ーングルテンミールとの併用1）や，ルピナスミールとコーングルテンミールの併用2）
にその効果があるとの報告があり，ブリではミートミールと大豆油粕または麦芽タン
パク質との併用に効果が認められている。aψ3種類以上の代替原料を併用して魚粉
を効果的に削減したという結果も各種魚類で報告されている。5－10　それらの報告の
多くで魚粉以外に主タンパク質源として使用されている原料は，大豆油粕，コーング
ルテンミールおよびミートミールである。本章の第1節においては，まずこれら3原
料に麦芽タンパク質を加えた4原料のアミノ酸組成を分析し，その特徴によって2つ
のグループに分けた。その上で，各グループに属する原料の併用効果を確認するため，
また，3種類以上の代替原料を併用して魚粉配合率をさらに削減するため，ニジマス
稚魚を用いて飼育試験を実施した。
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　一方，前章までの各飼育試験および本章第1節の飼育試験では，給餌試験終了後に
試験飼料のタンパク質およびエネルギーの見かけの消化吸収率を測定してきた。ニジ
マス稚魚におけるそれらの結果を比べると，配合する原料の種類およびその配合比率
によって差が認められ，各原料タンパク質の消化吸収率が異なることが示唆された。
前章および本章第1節では，配合する各原料のアミノ酸組成の特徴に配慮して，代替
原料配合飼料のアミノ酸バランスが最適となるよう，代替原料の組み合わせおよびそ
の配合比率に留意することを強調してきた。しかしながらそこで注目していたのは原
料に含まれる全アミノ酸であり，魚が実際に利用できるアミノ酸の種類と量を示すも
のではない。したがって，各種原料のアミノ酸組成の分析値を基に計算上バランス良
く原料を併用し，場合によっては不足すると考えられる結晶アミノ酸を補足しても，
各種原料のタンパク質とそのアミノ酸の消化吸収率が異なれば，魚にとってのアミノ
酸バランスが最適化されたとはいえない。実際各種原料のタンパク質および各タン
パク質を構成する個々のアミノ酸の消化吸収率が，原料により，あるいはアミノ酸の
種類により大きく異なることが卸られている・1「1ゆこのことが本章第1節や他の報
告において，多量の魚粉を複数の代替原料を併用配合して置換した場合に，対照の魚
粉飼料に比べて飼育成績が多少劣る原因の1つと考えられる。鉱幻α回　したがって，
飼料の配合組成を設計するにあたっては，魚によって実際に消化吸収されるアミノ酸
の種類と量に注目し，それに基づき魚のアミノ酸要求量に見合うような適切な配合比
率を決定し，必要によっては補足する結晶アミノ酸の種類や量を決定するべきである
と考えられる。従って，本章第2節では，ニジマス稚魚を用い，魚粉，大豆油粕，麦芽
タンパク質およびコーングルテンミールに含まれるタンパク質およびアミノ酸の消
化吸収率を問接法により測定した。
　第1節では，魚粉，大豆油粕，麦芽タンパク質，コーングルテンミールおよびミー
トミール等のアミノ酸組成を分析した結果，大豆油粕とミートミールにはリジンが比
較的多いがメチオニン等含硫アミノ酸が少なく，一方，麦芽タンパク質やコーングル
テンミールにはリジンが少ないが含硫アミノ酸が比較的豊富であることがわかった。
従って，大豆油粕またはミートミール配合飼料への麦券タンパク質またはコーングル
テンミールの併用効果を確認するため，魚粉をタンパク質源とする対照飼料（粗タン
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パク質40％，粗脂肪15％）と，対照飼料の魚粉タンパク質の60％を大豆油粕または
ミートミールで置換した試験飼料と，それら大豆油粕またはミートミールの一部を麦
芽タンパク質またはコーングルテンミールで置換した飼料を作製した。また，これら
原料を3種類以上併用した場合の魚粉削減率を検討するため，対照飼料の魚粉タンパ
ク質の60および80％を大豆油粕，ミートミールおよび麦芽タンパク質を併用するこ
とにより置換した飼料，および同8q％置換飼料においてこれら3原料に加え，リジン
含量の比較的高いビール酵母を併用、した試験飼料も作製した。各種原料の配合比率は，
前章第1節の結果に基づき，ニジマス卵のアミノ酸組成1印を基準とした必須アミノ酸
指数が高くなるよう配慮して決定した。これらの飼料は平均体重9gのニジマス稚魚
に水温16℃の下で1日2回，6週問にわたり飽食量給与した。各種魚粉代替原料の併
用が，増重率，飼料効率，全魚体の一般成分，飼料のタンパク質とエネルギーの消化
吸収率および両者の魚体への蓄積率等に及ぼす影響から，適切な原料の組み合わせお
よび魚粉使用量削減率を推定した。
　第2節では，魚粉，大豆油粕，麦芽タンパク質またはコーングルテンミールを単一
のタンパク質源とする飼料（粗タンパク質35％，粗脂肪15％）を作製した。これら
の飼料を水温15℃の下で採糞用水槽（養殖研方式）1ゆに収容した平均体重13gのニ
ジマス稚魚に飽食量給与し，採糞を行った。飼料および糞中のタンパク質，各種アミ
ノ酸，および指標物質（酸化クロム）の量から見かけの消化吸収率を求めた。
　その結果，第1節では，大豆油粕単独で魚粉を置換した場合に比べ，麦芽タンパク
質またはコーングルテンミールを併用することにより，対照飼料と同等の増重率およ
び飼料効率等が得られた。一方，ミートミール配合飼料への麦芽タンパク質の併用は
大豆油粕の場合と同様の効果が認められたが，コーングルテンミールとの併用は飼料
効率が改善されたものの増重率は改善されなかった。その理由として，コーングルテ
ンミールの配合により摂餌率が低下したこと，大豆油粕に比べてミートミールのアミ
ノ酸バランスが劣ること，および大豆油粕配合飼料に比べるとミートミール配合飼料
のタンパク質の消化吸収率が劣ったこととの関連が示唆された。一方，大豆油粕，ミ
ートミールおよび麦芽タンパク質を併用して魚粉タンパク質を80％置換した場合に
は，増重率および銅料効率とも低下したが，これにピール酵母を併用することにより，
85
増重率が対照飼料と同等のレベルにまで改善された。ビール酵母の併用により飼料の
アミノ酸バランスが改善されたこと，および摂餌率が向上したこと等が関与するもの
と推察された。また，全魚体の一般成分には飼料組成による差はみられなかった。
　第2節では，麦芽タンパク質を除く3原料のタンパク質の見かけの消化吸収率は
95％前後と高かったが，麦芽タンパク質のそれは86％であった。各タンパク質中の
個々のアミノ酸の消化吸収率に大きな差はなく，おおむね各原料のタンパク質の消化
吸収率と近似した値を示し，極端に消化吸収率の低いアミノ酸は認められなかった。
　これらの結果から，ニジマス稚魚用飼料においては，各種原料のアミノ酸組成に配
慮して適切な原料を選択し，複数の素材をバランス良く併用することにより，飼料効
率は若干劣るものの魚粉の80％を代替できることが明らかとなった。また，ニジマス
稚魚において，大豆油粕やコーングルテンミールのタンパク質の消化吸収率が魚粉と
同等に優れ，麦芽タンパク質のそれが他の3原料よりやや低いことは，これまでの飼
育試験における試験飼料のタンパク質の消化吸収率のデータを裏付けるものであっ
た。したがって原料を併用する際には，各原料タンパク質の消化吸収率を把握する必
要性が示唆された。一方，各原料のタンパク質を構成する個々のアミノ酸の消化吸収
率にはこれまで報告されているような極端なばらつきは認められなかった。11－19
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The Effect of Combined Use 
in Fingerling 
of Several Alternative 
Rainbow Trout Dietst 
Protein Sources 
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Tamaki, Mie 519-04, Japan 
(Received February 6, 1995) 
A feeding experiment was conducted to investigate the effect of combined use of several alternative 
protein sources for fish meal in diets for fingerling rainbow trout Oncorhynchus mykiss. In the con-
trol diet, brown fish meal (BFM) vyas used as the sole protein source to provide 400/0 crude protein. In the 
test diets, 60 or 800/0 of the BFM ~rotein in the control diet was isonitrogenously replaced by several 
combinations of soybean meal (SBM), meat. meal (MM), malt protein flour (MPF), corn gluten meal 
(CGM), and dried brewer's yeast (PBY). These diets were fed to the fish with an initial mean weight of 
9.4 g for 6 weeks at 16'C. 
Combinations of SBM and MPF, SBM and CGM, and MM and MPF at the 600/0 replacement level 
improved the weight gain, feed efficiency, and protein retention of the fish relative to the replacement of 
BFM by SBM or MM alone, and there w. ere no significant differences in these values between the combi-
nation group and the control group . Combined use of SBM, MM and MPF at the 600/0 replacement lev-
el showed similar growih and feed pei~formances to the above mentioned SBM and MPF, or MM and 
MPF diets, however, the performances at the 800/0 replacement level were inferior. Addition of DBY to 
the 800/0 replacement level diet improved the weight gain to the same level attained by the control 
group. 
These results suggest that the combined use of two alternative sources such as SBM and MPF, 
SBM and CGM, and MM and MPF improve rearing performance of fingerling rainbow trout as com-
pared with the use of SBM or MM alone, and that the combined use of SBM, MM, MPF, and DBY at a 
proper ratio can substitute the 800/0 of BFM protein. 
Key words: diet, alternative proteih source, growih, malt protein flour, brewer's yeast, brown 
fish meal, rairrbow trout 
In the previous studies on the utilization' of malt protein 
fiour (MPF) in the diets for fingerling rainbow trout On-
corhynchus mykiss, we reported that (1) MPF could sub-
stitute 400/0 of white fish meal (WFM) protein, in the con-
trol fish meal diet,1) (2) MPF could substitute 600/0 of the 
WFM protein with the supplementation of crystalline es-
sential amino acids (EAA) to simulate the EAA composi-
tion of the control diet,1) (3) combined use of MPF and 
defatted soybean meai (SBM) at the crude protein ratio of 
1 : I improved growth and feed performances relative to the 
replacement by either MPF or SBM alone.2~ 
Combined uses of SBM and corn gluten meal (CGM), 
or SBM, CGM and meat meal (MM) have been studied in 
diets for rainbow trout,3~s) carp Cyprinus carpi0,6) red sea 
bream Pagrus major,*i and yellowtail Seriola quinquer-
adiata,7~9),*2 and the authors attributed the effectiveness to 
the improvement of dietary EI~ balance. 
Based on the EAA composition of several alternative 
protein sources such as SBM. M_M. MPF, an,~ CQM;, we 
classified these sources into two group~. Of*tn~ alternative 
protein sources, SBM and MM are poor in ~lethionine and 
are comparatively rich in lysine. On the oth~r hand-, MPF 
and CGM are rich in sulfur-containing amino acids such 
as methionine and cystine but are poor in lysine. There-
fore, combined use of both groups in diets is expected to 
improve growth and protein utilization. by improving the 
EA~ balance. However, as the lysine contents of SBM 
and MM are lower than that of fish meal, it is necessary to 
supply lysine from other sources to a diet containing these 
alternative protein sources at a high level. Dried brewer's 
yeast (DBY) and blood meal are rich in lysine and may be 
effective in ducing such a lysine deficiency. 
The first purpose of the present study was to assess the 
effectiveness of SBM in combination with MPF or CGM, 
and of MM with MPF or CGM, at 600/0 replacement level 
of BFM protein in th  control diet. The second purpose 
was to further replace the BFM protein by a combination 
of SBM, MM and MPF, and to assess the effectiveness of 
supplemental DBY as a lysine source. 
aterials and Methods 
Amin  Acid Composition of Protein Sources 
The amiho acid and proximate compositions of the pro-
t 
*l 
*2 
Abst. 
Abst. 
Abst. 
Metg. Japan. Soc. Fisheries Sci., 
Metg. Japan. Soc. Fisheries Sci., 
Metg. Japan. Soc. Fisheries Sci., 
April, 1994; p. 33 (in Japane~e). 
Octob , 1992, p. 190 (in Japanese). 
April, 1992, p: 216 (in Japanese). 
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Table 1. 
Yamamoto et al. 
Anrino acid composition and proximate analysis of dietary protein sources 
Protein sources 
BFM * l MPF*i CGM~1 SBM* l MM*l DBY*l RT egg*2 
Amino acid composition (o/a in protein) AJ:ginine 5 . 69 Histidine 3.20 Is oleucine 3 . 90 Leucine 7 . 25 Lysine 7 . 4 1 Methionine 2 . 8 5 Cystine O.99 Phenylalanine 3 . 9 l Tyros ine 3 . 22 Threonine 4.70 Tryptophan O.93 Valine 4.78 Alanine 6.69 Aspartic acid 8,68 Glutamic acid 14.34 Glycine 7 . 22 Proline 4.46 Hyd roxypro line I . 43 Serine 3 . 97 Taurine I .62 
5.66 
1:86 
4.41 
9.08 
3.51 
2.03 
2. 1 3 
6. 1 3 
4.29 
3*99 
0.63 
5.34 
5L43 
6. 86 
2S-.98 
4.14 
9.88 
N.D.*5 
4.71 
N 'D . 
2.98 
l .62 
4.21 
18.82 
1 .94 
2.39 
l.73 
6.93 
5.62 
3.44 
0.40 
4.04 
10.1 1 
5.85 
27.79 
2.7S 
9.47 
N.D. 
5 . 23 
N.D. 
7.1S 
1 .93 
4.66 
8 . 22 
6.28 
1 .29 
l .29 
S.33 
3 . 78 
4.09 
O.49 
4.42 
4.69 
10.99 
22. 1 4 
4*55 
5.17 
N.D. 
5 . OO 
N.D. 
6.79 
1.51 
3 .50 
7.06 
4.62 
1 .46 
1 .68 
3 . 92 
2.81 
4.07 
0.68 
5 . 07 
7.80 
7.18 
14.23 
13.15 
8.12 
5.17 
5.67 
0.70 
5.72 
l.73 
4.75 
7.5S 
7.57 
1 . 56 
l . 17 
4.38 
3.58 
4.99 
O . 69 
4.92 
7.81 
8.87 
15.59 
4.60 
3.84 
N.D. 
5.59 
N.D. 
5.7 
2.5 
4.7 
9.5 
7.3 
2.9 
1 .O 
5.5 
4.2 
4.8 
1 .O 
6.2 
EEA index*4 89.3 82.4 65.7 81.7 74.9 83.9 
Proximate analysis ('1o) 
Moisture 
Crude protein (N X 6.25) 
Crude fat 
Crude starch*5 
Gross energy (kcal/ 100 g) 
4.7 
67 . 7 
10.5 
l.9 
47 9 
6:O 
52.7 
,1 1 .8 
15.4 
547 
12.1 
65.4 
3 .O 
13.6 
500 
8.7 
45.0 
1.7 
18.3 
424 
7.5 
70.3 
12.7 
2.8 
S19 
6.8 
46. 1 
0.6 
23 . 7 
448 
*1 BFM: brawn fish meal, MPF: malt protein fiour, CGM: co~n gluten meal. SBM: soybean meal, MM: 
*2 Essential amino acid composition of rainbow trout egg.lo) 
*1 Not detected. 
*4 Essential amino acid index based on the essential antino acid composition of rainbow trout egg. 
~5 Carbohydrate hydrolyzed by boiling 50/0 HCI for 2 h. 
meat meal, DBY: dried brewer's yeast. 
tein sources used in this study are shown in Table I . The 
amino acid content was determined by the methods de-
scribed in the previous paper.1) The EAA index of each 
source was calculated based on the E~~ composition of 
rainbow trout egg.rc) Of the alternative sources, SBM and 
MM are lower in methionine, Ieucine, and phenylalanine, 
but are comparatively higher in lysine than are MPF and 
CGM. On the other hand, MPF and CGM have similar ra-
tios of total sulfur-containing amino acids to that of BFM, 
and are higher in leucine and phenylalanine, but are lower 
in lysine as compared with SBM and MM. DBY has a simi-
lar EAA composition as SBM and MM, while the lysine 
content of DBY is higher than that of SBM and MM, and 
is equivalent to that of BFM. 
Experimental Diets 
The crude protein ratios of the protein sources incorpo-
rated in each diet and the EAA compositions of the ex-
perimental diets are shown in Table 2. Based on the EA~ 
composition of each protein source, the combining ratios 
of the protein sources were determined for each diet to 
have higher EAA index. BFM was used as the sole protein 
source in the control diet (diet 1) to provide approximately 
400/0 crude protein. Diets 2 to 4 were prepared to assess the 
effect of the combined use of SBM and MPF, or SBM and 
CGM. In diet 2, 600/0 of BFM protein in the control diet 
was isonitrogenously replaced by SBM alone, and in diets 
3 and 4, about 400/0 of SBM protein in diet 2 was 
isonitrogen usly replaced by MPF and CGM, respec-
tively. In diets 5 to 7, MM was used in place of SBM in 
diets 2 to 4 to assess the effect of combined use of MM and 
MPF, or MM and CGM. In diets 8 and 9, BFM protein in 
the control diet was replaced by a combination of SBM, 
MM a d MPF a  60 nd 800/0 Ievels, respectively. In diet 
lO, DBY was supplemented in addition to SBM, MM and 
MPF at the 800/0 replace ent level. 
The formulation and proximate analysis of the ex-
perimental diets are presented in Table 3 . Fat content in 
each diet was adjusted with pollock viscera oil to provide 
approximately 150/0 crude fat. Gelatinized potato starch 
was supplemented to adjust non-fiber carbohydrate con-
tent. Chromi m oxide was included as an indicator for the 
analysis of apparent dig stibility of nutrients . All these in-
gredi nts wer  thoroughly mixed, moistened and pelleted 
in a California pellet mill. Then the pellets were dried at 
50'C for 6 h and stored at 5'C until being fed to the fish. 
Fish and Feeding Procedures 
Fingerlings of rainbow rout were transferred from Shi-
ga Prefectural Samegai Trout Farm, Japan to the Inland 
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Table 2. 
diets 
Combination of Alternative Sources in Trout Diets 
Combinations and crudc protein ratios of each protein source, and essential amino acid compositions of the experimental 
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Replacement (o/o)tt o 60 60 60 60 60 60 60 80 80 
Combination~2,3 Control SBM SBM MPF SBM C GM MM MM MPF MM CGM SBM MM MPF 
SBM MM MPF 
SBM MM MPF DBY 
Diet no. l 2 3 4 s 6 7 8 9 10 
Crude protein ratio (o/o) 
Brown fish meal 
Soybean meal 
Meat meal 
Malt protein flour 
Corn gluten meal 
Dried brewer's yeast 
lOO 
O 
O 
O 
O 
O 
40 
60 
o 
o 
o 
o 
40 
35 
o 
25 
o 
o 
40 
35 
o 
o 
25 
o 
40 
o 
60 
o 
o 
40 
o 
35 
25 
o 
o 
40 
o 
35 
o 
25 
o 
40 
25 
lO 
25 
O 
O 
20 
35 
20 
25 
o 
o 
20 
30 
IS 
20 
O 
15 
*4 Essential amino acid composition ("/o in protein) 
Argininc 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine + Cystine 
Phenylalanine + Tyrosine 
Threonine 
Tryptophan 
Valine 
5.69 
3.20 
3 . 90 
7.25 
7.41 
3.84
7.13 
4.70 
O.93 
4.78 
6.57 
2.44 
4.36 
7.83 
6.73 
3.08 
8.32 
4.33 
o.67 
4.56 
6.19 
2.42 
4.29 
8.05 
6.04 
3 .48 
8.64 
4.3 1 
0.70 
4.79 
5,52 
2,36 
4.24 
10.48 
5.65 
3 . 47 
9. 1 8 
4, 17 
O . 64 
4.47 
6.35 
2, 19 
3.66 
7, 14 
5.74 
3 ,42 
6,89 
4,32 
0,79 
4,95 
6.07 
2.27 
3.89 
7 . 64 
5.46 
3.68 
7.81 
4.30 
0.77 
5.02 
5 . 40 
2.21 
3 . 84 
10.08 
5.07 
3 .67 
8.35 
4,16 
0.71 
4.70 
6. 16 
2.38 
4. 1 8 
7.93 
5.87 
3.54 
8.41 
4.3 1 
0.72 
4.86 
6.41 
2.08 
4.21 
8.01 
5.48 
3.34 
8.56 
4.18 
0.65 
4. 85 
6.29 
2,08 
4.30 
7,92 
5 . 90 
3 . 26 
8.44 
4.32 
0.66 
4.85 
EAA index*s 89.3 85.8 86.9 86. 1 82.3 85 . 1 84.4 86.4 83.4 g4.4 
*j 
~2 
*3 
*4 
*5 
Percentage of brown fish meal protein replaced by alternative protein sources. 
Combination pattern of alternative protein sources. 
See the footnote in Table I for abbreviations. 
Calculated value based on the analyzed amino acid composition of the protein sources (Tabie 1). 
Essential amino acid index of each diet based on the essential amino acid composition of rainbow trout egg.10] 
Table 3, Formulation and proximate analysis of the experimental diets 
Replacement (o/o)~1 o 60 60 60 60 60 60 60 80 80 
Combination*2 Control SBM SBM MPF SBM CGM MM MM MPF MM CGM 
SBM MM MPF 
SBM MM MPF 
SBM MM MPF DBY 
Diet no. l 2 3 4 5 6 7 8 9 lO 
Ingredient ('/o wet weight) 
Brown fish meal 
Soybean meal 
Meat meal 
Malt protein flour 
Corn gluten meal 
Dried brewer's yeast 
Pollock viscera oil 
Gelatinized potato starch 
Cellulose 
Vitamin mix*; 
Mineral mix*3 
Chromium oxide 
CMC*4 
59.0 
O 
O 
O 
O 
O 
8.8 
12.0 
13.7 
2.0 
2.0 
0.5 
2.0 
f 
23 . 7 
53.3 
O 
O 
O 
O 
ll.6 
4.9 
O 
6.5 
23 .7 
31.l 
O 
19.0 
O 
O 
9.8 
8.8 
1.1 
6.5 
23.7 
31.l 
O 
O 
15.3 
O 
l I .5 
6, l 
5,8 
6.5 
23 . 7 
O 
34.1 
O 
O 
O 
8.2 
12.0 
15.S 
6.5 
23.7 
O 
19,9 
19.0 
O 
O 
7.8 
ll.4 
ll.7 
6.5 
23 , 7 
O 
19.9 
O 
15.3 
O 
9.5 
9.2 
15.9 
6.5 
23.7 
22.2 
S.7 
19.0 
O 
O 
9.2 
9.0 
4.7 
6.5 
11.9 
31.1 
l I .4 
19.0 
O 
O 
9.6 
8.3 
2.2 
6.5 
11.9 
26.6 
8.6 
15.2 
O 
12.0 
10.4 
8.8 
O 
6.s 
Analysis (o/o dry weight) 
Crude protein (N X 6.25) 
Crude fat 
Crude starch*s 
Gross energy (kcal/ 100 g diet) 
42 6 
15.6 
14.8 
504 
42.9 
16.0 
1~.9 
519 
42.8 
16.6 
19.8 
530 
42.8 
16.0 
17.0 
S28 
42.2 
15.7 
16.2 
S17 
43 . O 
16.0 
18.0 
S26 
41.4 
15.9 
15.? 
527 
43 . O 
15.8 
19.7 
5 23 
43 . ? 
16.3 
19.8 
53 l 
42.5 
15.8 
22.9 
5 27 
~],2 See the footnote of Table 2. 
*1 See the previous paper.1) 
~4 Sodium carboxymethylcellulose. 
*5 See thc footnote of Table l. 
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Station of National Research Institute of Aquaculture. 
The fish were fed commercial trout feeds and reared until 
they reached about 8 g. Then, 30 fish were stocked in a 
polyvinyl chloride tank (50 x 20 x 30 cm, holding 20 ! of 
water) with duplication for each dietary treatment, and 
well water (16 ~0. I 'C) was supplied at a rate of I .5 ~/min. 
The fish were fed a commercial trout feed and were accli-
mated to the experimental conditions for another 2 weeks 
prior to the feeding trial. Just before the feeding trial, 10 
fish were randomly sacrificed and stored at -20"C for a 
proximate analysis of the whole body. In the feeding trial, 
the experimental diets were fed to the fish wit~ an initial 
mean weight of 9.4 g until satiation by hand twice per day, 
6 days per week for 6 weeks. The fish were weighed every 
2 weeks after being anesthetized with 0.010/0 ethyl 3-
aminobenzoate methanesulfonic acid. At the end of the 
feeding trial, 4 fish were randomly sampled from each 
tank and stored at -20'C for the proximate analysis. 
After the 6-week feeding, fish of each tank were trans-
ferred to a round tank designed for feces collection, and 
feces were collected for the analysis of apparent digestibili-
ty of nutrients.1) 
Yamamoto 
Analytica! Methods 
The chemical analysis of the test diet, the whole bodies, 
and the feces, and the calculations of the parameters on 
growth and feed performances were carried out by the 
et a!. 
method described in the previous paper.i) The parameters 
of he duplicat s for each dietary treatment were com-
pared using one-way layout analysis of variance for a 
significance in the treatments (p<0.05), and chi-square 
test for a unifor ity of the variances (p<0.05), respec-
t vely. After these comparisons, Duncan's multiple range 
test was applied to determine significant differences be-
twee  individual treatments at a significance level of 
p < 0.05 . How ver, s atistical analyses of apparent digestibili-
ties of di tary protein and energy were not carried out be-
cause feces wer  collected as a single sample pooled from 
duplicate tanks for each dietary treatment. 
Results
T ble 4 shows the resul s, including the growth and feed 
performances, whole body composition, and apparent 
digestibility of utrients. 
Use o  SBM in Combin tion with MPF or CGM 
The weight gain, feed ef iciency, and protein retention 
of the fish fed a diet replaced by SBM alone (diet 2) were 
significantly lower (p<0.05) than those of the control 
group (diet 1). However, fish fed diets containing SBM in 
comb nation ith MPF or CGM (diets 3 and 4) exhibited 
good grow  and feed performances without significant 
differences (p>0.05) from the control group. Apparent 
Table 4. Performances of fingerling rainbow trout fed diets eontaining several alternative protein sources 
Replacement (olo)*l o 60 60 60 60 60 60 60 80 80 
Combination*2 SBM SBM Control SBM PF CGM s BM s BM MM M MM MM MM MPF caMMPF MPF SBM MM M:P F DBY
Diet no. 1 2 3 4 5 6 7 8 9 10 
Growth and feed performances*3 
Average body weight (g) 
Initial 
Final 
Average weight gain (g) 
Average feed intake (g) 
Weight gain (o/o)*4 
Feed effeciency ('10)*4 
Daily feed consumption (o/･)*4 
Mortality (olo) 
9.37 
35.84 
26.47 
24.26 
282d*7 
1 9d 
2.56b* 
O 
9.33 
32.90 
23.57 
23.10 
252'b* 
l02ab* 
2.60' 
O 
9.31 
34.02 
24.71 
23.13 
265=d 
l07d 
2.54b* 
O 
9.50 
34.92 
25 . 42 
23 . 29 
268･d 
l09d 
2.50･b 
O 
9.47 
32.18 
22.71 
22. 16 
239*b 
1 02abc 
2.53b* 
O 
9.35 
34.50 
25 . 15 
23 . 60 
269･d 
l 07d 
2 . 56b. 
O 
9,48 
31.81 
22.33 
20.97 
236* 
l 06d 
2.42* 
O 
9.50 
34. 1 9 
24.69 
23 .45 
260' 
1 05cd 
2.56b* 
O 
9.37 
32.65 
23.28 
23.18 
248･bc 
lOO'b 
2 . 63･d 
O 
9.42 
34.10 
24.68 
24.77 
262･d 
1 OO* 
2.7ld 
O 
Pooled 
S EM 
5.9 
l .2 
O.029 
Whole body composition (o/.)*5 
(Initial) 
Moisture (77.2) 
Crude protein (1 5.7) 
Crude fat (4.2) 
7 1 .6a 70.0a 7 1 . Ia 70.9a 15.7a 15.3a 15.5a 15.6a l0.4a lO.5a 9.8a I I .7a 
7 1 .3a 70. 8a 70.7a 7 1 .3a 70,9a15,3a 15.3a 15,7a 15,4a 15,la 1 0.6a 1 1 . I a I O. 9a l0.4a l0.6a 
69 8a 
15.6a 
l I .8a 
0.33 
O.21 
0.37 
Apparent digestibility*6 
Protein 
Energy 
90.8 91 .3 88.4 91 .4 
8 1 . 5 82.4 80.3 82 .O 7 . 1 86.5 86 .6 88.0 87 ,7 77.5 76.S 78,3 79,l 75.9 84.3 76,l 
Retention (o/o)*3,4 
Protein 
Energy 
38 . 9ab 3 9 .4bc 4 1 .4c 41 .5= 
43.6b'd 42.2ab 45.8d 44.Scd 
38.3ab 39.4bc 39.9bc 36,7a 40,5bc 
44.7':d 42 , oab 44. 3b*d 43 , 3bc 40 . 6a 
3 8 .4ab 
44. I bcd 
O.?O 
0.68 
$1,: See the footnote of Table 2. 
*1 Average value of duplicate tanks containing 30 fish cach reared for 6 wecks at 16'C. 
*4 Calculations of these pararrleters are detailed iu the previous paper.l] 
~i Average value of two pooled 5amples (4 fish/sarnplc) from duplicate tanks. 
*6 Values of pooled sample from duplicate tanks for collecting feces at 16'C. 
*? Values with different superscripts in the samc row are significantly different (p<0.05). 
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digestibilities of protein and energy did not vary between 
the control diet and the test diets. No significant differ-
ences were detected in the whole body components. 
Use of MM in Combination with MPF or CGM 
The weight gain, feed efficiency, and protein retention 
of the fish fed a diet replaced by MM alone (diet 5) were sig-
nificantly lower than those of the control gr_oup, as ob-
served in the case of SBM. Use of MM in combination 
with MPF (diet 6) improved these values , while the combi-
nation of MM and CGM (diet 7) failed to improve the 
weight gain, partly because of the lower daily feed con-
sumption. Apparent digestibilities of protein and energy in 
the diets containing MM were slightly lower t,hari those of 
the control diet and the diets containing SBM. The whole 
body composition did not vary significantly atnong the 
treatments. 
Replacement by SBM. MM, and MPF, and Supplementa-
tion ofDBY 
Although a diet with SBM, MM and MPF (diet 8) replac-
ing 600/0 of the BFM protein in the control diet showed a 
significantly lower weight gain than the control diet, the 
value was equivalent to that of the fish fed the diet with 
SBM and MPF (diet 3), or MM and MPF (diet 6). When 
800/0 of the BFM protein was replaced by these three sources, 
the weight gain, feed efficiency, and protein retention 
decreased further . Supplementation of DBY to the 800/0 
replacement level diet (diet 10) slightly increased the daily 
feed consumption and improved the weight gain and reten-
tions of protein and energy. As a consequence, the weight 
gain was not significantly diff-~rent from that of the control 
group . Apparent digestibilities of protein and energy grad-
ually decreased as the replacement level increased. No sig-
nificant differences were detected in the whole body compo-
sition. 
Discussion 
Crystalline amino acids are sometimes supplemented to 
fish diets to improve the nutritional value Of=dietary pro-
tein which do not have a desirable amino acid composi-
tion. However, as we reported in the previous paper, the 
supplementation of crystalline EAA to the fingerling rain-
bow trout diets containing MPF did not have outstanding 
effects.1) On the other hand, in the last paper, we reported 
that combining MPF and SBM at a proper ratio in finger-
ling rainbow trout diets improved the dietary EAA 
balance and rearing performance.2) 
Combining several alternative protein sources to im-
prove dietary Ej~ balance is considered to be more 
practical and economical than the supplementation of crys-
talline EAA. Several studies have demonstrated the efilec-
tiveness of using SBM in combination with CGM and/or 
MM in the diets for rainbow trout,3~5) carp,s) red sea 
bream,~1 and yellowtail.7-9),*2 
In the present study, we first examined several combina-
tions of two alternative protein sources having different 
EAA profiles at 600/0 replacement level, and. found that 
combinations of SBM and MPF, SBM and CGM, and MM and MPF effectively improved the growth ahd protein 
utilization, as compared with the replacement of BFM by 
919
SBM or MM alone. Th  combination of MM and CGM 
was not so effective, probably because of the low feed con-
sumption and of he poor EAA balances of MM and CGM 
relativ_e to SBM and MPF, respectively (Table 1). The rea-
son for the decreased consumption of the diet was not 
clarified in the p s  study. As the apparent digestibili-
ties of prote n in th  diets containing MM were slightly low-
er than he diets containing SBM, apparent digestibility of 
the MM protein per se must have been lower than that of 
the SBM prote n per se. This finding would also explain 
the inferior petformances of the fish fed diets containing 
MM relative to thos  of the fish fed the SBM diets. 
In the diets of 800/0 replacement level, incorporation of 
DBY to the combinati n of SBM, MM, and MPF im-
proved the weight gain to the level attained by the control 
group. As the re sons for the improvement, the increased 
feed consumption and the improved protein retention 
would be considered. Although the immediate cause of the 
increased consumption of the DBY diet was unclear from 
the results obtained, the increase might be due to a reac-
tion of the fish to compensate for the low digestibility of 
dietary protein, or to some feeding stimulants in DBY.In 
The improvement of protein retention was caused by the 
imprdvement of EAA balance in the diet. The first limiting 
am'ino acid in the alternative protein sources used in the 
present experiment was either methionine or lysine,2) there-
fore, supplying a lysi e-rich source such as DBY to a diet 
containing alternative protein sources at a high level 
proved to be one of the practical ways to improve rearing 
perf ormance. 
The first limiting EI~ in MPF for rainbow trout is ly-
si e.1,2) T erefore, the bioavailability of supplemented ly-
sine might have b en most important for the improvement 
of utilization of amino acids in the diets containing MPF. 
As mentioned, crystalline EAA supplemented to the diets 
containing MPF has been found to be ineffective in improv-
ing the rearing performance of rainbow trout.i) Our 
studies have shown that addition of lysine-rich protein 
sources such as SBM and DBY to diets containing MPF is 
m r  practical tha  supplementation of crystalline E~~, 
composed mainly of l sine. On the other hand, there are 
several rep rts of successful supplementation of crystal-
line EAA, including methionine, to rainbow trout diets 
containing SBM, 12,13) whose first limiting E~~ for rainbow 
trout is methionine. Therefore, the bioavailabilities of crys-
talline and rotein-origin lysine and methionine by rain-
bow trout seem to be somewhat different. Further studies 
are necessary to clarify this point. 
The results obtained in the present study suggest that the 
combined use of two alternative protein sources having 
different EAA profiles such as SBM and MPF, SBM and 
CGM, and MM nd MPF in fingerling rainbow trout diets 
impr-ove fish performance relative to the use of SBM or 
MM alone. It is also suggested that the supplemental DBY 
to a diet ontaining SBM, MM, and MPF can substitute 
800/0 of BFM protein. 
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Apparent Availabilities of 
from Several Protein Sources 
Am no Acids and Minerals 
for Finge ling Rainbow Trout 
Takeshi Ya~namoto*1, Kazuo lkeda*2, Tatsuya Unuma*1 
and Toshio Akiyama*i 
*lNutrition Section. Inland Station, National Research Institute of Aquaculture, 
Tamaki. Mie 519-04. Japan 
*2Pharmacology Section, Coastal Station, National Research Institute of Aquaculture, 
Nansei. Mie 516-01, Japan 
(Received March 17, 1997) 
Apparent availabilities of amino acids and minerals from white fish meal (FM), defatted soybean 
meal (SBM) , malt protein flour (MPF) , and corn gluten meal (CGM) were determined for fingerling 
rainbow trout Oncorhynchus mykiss. Groups of forty fish (mean weight; 13 g) were each allotted to one 
of six round tanks for collecting feces. A test diet containing one of the protein sources at approximate-
ly 350/0 crude protein level was fed to duplicate groups at 15'C, and the feces were collected. Availabil-
ity was determined by an indirect method using chromic oxide. 
Apparent protein digestibility of CGM was the highest (96010), with FM and SBM being slightly 
lower (940/0), and the lowest was MPF (860/･). Apparent availabilities of individual amino acids within 
each protein source were similar and almost approximated to the protein digestibility value. Apparent 
availabilities of phosphorus from FM and MPF per se were higher than those from SBM and CGM. 
The copper and zinc availabilities for SBM showed the highest values. 
These results suggest that the apparent protein digestibility value is indicative of the amino acid 
availability from a protein source with a high protein digestibility such as FM, SBM, and CGM in finger-
ling rainbow trout. On the contrary, individual mineral availability values should be assessed to formu-
late efiicient and economical fish feeds. 
Key words: availability, amino acid, mineral, alternative protein sources, Oncorhynchus mykiss 
We have reported in previous papers that the combina-
tion of multiple alternative protein sources for fish meal or 
the supplementation of crystalline essential amino acids to 
the protein sources improved the nutritional quality of fish 
diets . 1-5) In those studies, only the amino acid composition 
of the protein sources was focused on and little attention 
was paid to the availability of amino acids irr the protein 
sources. 
In contrast to numerous studies on protein digestibility 
of test diets or feed ingredients, amino acid availability 
(digestibility) for dietary proteins has been less intensively 
studied.6-13) Among them, studies on the comparative ami-
no acid availability for several feed ingredients are limited 
to channel catfish lctalurus punctatus,7) common carp 
Cyprinus carpi0,9) Atlantic salmon Salmo salar,lo,il) and 
yellowtail Seriola quinqueradiata. 13) These studies have rev-
ealed that not only protein digestibilities vary among pro-
tein sources and fish species, but also amino acid availabili-
ties of a protein source show intravariation. This means 
that both protein digestibility and individual amino acid 
availabilities of a protein source for individual fish species 
should be determined to formulate efficient and economi-
cal fish feeds. 
Studies on the comparative mineral availability for feed 
ingredients are few compared with thos~ of amipo acid 
availability. Availability of phosphorus (P) iri :fish meals 
and some feed ingredients was examined in channel 
catfish,14) common carp,15,16) black sea bream Acan-
hopagrus chlegeli,15) and rainbow trout Oncorhynchus 
mykis .16) Satoh et al. 17) examined the availability of zinc 
(Zn) n different kinds of fish meal for rainbow trout. 
Since mineral availability studies are relatively limited to P 
and Zn in fish m al, further research is necessary on the 
ava labil ty of min rals from various protein sources. 
In this study, we determined the apparent digestibility 
of protein an  availabilities of amino acids and minerals 
for defatted soybe n meal (SBM), malt protein flour 
(MPF), and corn gluten meal (CGM) in comparison with 
those for white fish meal (FM) for fingerling rainbow 
trout . 
Materials and Methods 
Diets 
The composition of the experimental diets is shown in 
Table I . In the diet , ch protein source, FM (Nippon Sui-
san Kaisha Ltd., Jap n), SBM (Marubeni Shiryo Co., 
Ltd. , Japan). MPF (Kirin Brewery Co. , Ltd.. Japan), and 
CGM (Nippon Corn Starch Co.. Ltd., Japan) was formu-
lated as the sole protein source to provide a diet of approxi-
mate y 350/･ crude protein. Pollock visceral oil (Riken Vita-
min Co., Ltd., J pan) was added to adjust the crude fat 
levels of the diets to approximately 150/0. Chromic oxide 
was included as an inert reference substance to determine 
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apparent digestibility (availability) of the nutrients. To de-
termine the availability of minerals from the protein 
sources per se and the effect of the exclusion of P from the 
complete mineral mix (COMP) on the other minerals' 
availabilities, diets without the mineral mix (MF) and with 
a P-free mineral mix (PF) were also ptepared. The compo-
sition of the mineral mixes is given in Table 2. Thus, 
twelve diets, combinations of the four protein sources 
(FM. SBM, MPF, and CGM) and three mineral mixes 
(MF, PF, and COMP) were prepared. All these in-
gredients were thoroughly mixed, moistened, and pelleted 
using a garlic press. The diets were freeze-dried and stored 
at -20'C until being fed to the fish. 
Yamamoto 
Fish and Feeding 
Fingerling rainbow trout (mean weight; 1.6g) were 
Table 1. Ingredients and proximate compositions ofthe experimen-
tal diets 
et a/_
Diet*i FM SBM CGM MPF 
Ingredient (o/o) 
White fish meal 
Defatted soybean meal 
Malt protein fiour 
Corn gluten meal 
Pollock visceral oil 
cx-Starch 
Dextrin 
Cellulose 
Vitamin mix*2 
Mineral mix*3 
Chromic oxide (50c/o)*4 
49 . 4 
l I .O 
20.0 
5.0 
9.6 
2.0 
 
2.0 
l.O 
Nutrient composition*s (o/o dry matter) 
Crude prctein (N x 6.25) 38.2 
Crude fat 15.7 
75.0 
12.4 
2.6 
5.0 
5.0 
66.8 
5.6 
17.6 
5.0 
5 .o 
51.3 
12.6 
20.0 
5.0 
6.l 
trans erred f om the Shiga Prefectural Samegai Trout 
Farm to the Inland Sta io of the National Research In-
stitute of Aquacultu e. The fish were reared with a com-
mercial trout feed at 15'C for three months. Then, forty 
fish of  similar size (13.2 ~0.6 g) were selected and allot-
ted to one of six round tanks for collecting feces. Each 
tank was equipped with a ediment trap tank fitted with an 
acrylic column (Fig. l), and was supplied with well water 
(15 'C). Feces we e transferred from the rearing tank to the 
sediment trap tank through a siphon and were finally 
deposited into the acrylic column. The lower part of the 
column was cooled with crushed ice to minimize decompo-
sit or* of nutrients in the feces. The feeding schedule is 
shown in Fig. 2. Each test diet was fed to the fish to satia-
tion twice a day. For the initial five days, the fish were accli-
ated to t e diets and f cal samples were not collected. 
Then, feces were collected immediately prior to the next 
satiation feeding over the ensuing five days, pooled, and 
freeze-dried. After one day's starvation, the fish were fed 
on another diet and acclimated again to the diet for five 
days prior to the fecal collection. After the trial for the 
2nd diet was completed, all the fish were removed and new 
groups of fish were allotted to the tanks. These procedures 
were repeated until two pooled fecal samples for each of 
twelve test diets were collected. 
water inflow I 
Rearing tank 
Faucet l Faucet 2 
Sediment trap tank 
5,0 
37 7 7.7 37.9 15.6 16.2 16.2 
*! FM: white fish meal diet, SBM; soybean meal diet, MPFi malt protein flour 
diet, CGM; corn gluten meal diet. 
*2 Akiyama et a!.3] 
*3 Compositions of the mlneral mixes used are given in Table 2. 
*4 Chromic oxide:cellulose= l:1. 
*i Analyzed data for the diets with the completc mineral mix. 
T 
30** i 
l 
Drai* 
e( 
~--
, 
S Ocm 
o( 
-HJ 
Slphon 
H20CmH 
Overfiow 
, 
Acryl colu n 
Peces 
e 
l 
T 
3scm ~ ! 
overnow 
3 ocm i 
Crushed lce 
Table 2, Compositions of the mineral mixes (mg/lOO g diet) 
Mineral mix*1 MF PF COMP 
Ca(H2P04)2 ' H20 
Ca(CH3 CHOHCOO)2 ' 5H20 
CaC03 
FeCG Hs 07 ' nH20 
MgS04 
K2 HP 04 
K2S04 
NaH2P04 
NaCl 
Cellulose 
Trace elements*2 
-2,000.0 
653.9 
l07.8 
59.4 
264.0 
479.7 
152.4 
2?2.6 
10.2 
27 1 . 6 
653.9 
59.4 
264.0 
479.5 
174.4 
87.0 
10.2 
Fig. 1. Experimental tank system. 
The fish were reared and fed an experimental diet in the rearing 
tank and continuously supplied with well water. Uneaten food was 
drained through the siphon (when faucet I was opened and faucet 2 
was ciosed). Feces were transferred from the bottom of the rearing 
tank through the siphon into the sediment trap tank, and finally 
dep05ited in the acrylic column (when faucet I was closed and faucet 
2 was opened). The lower part of the column was cooled with 
crushed ice. 
Transfler of fish ~ 
5(ia:ys Sdays lday 5days 
Removal Of fsh 
5days 
i 
Total 2,00(),o 2,000.0 2,000,0 
*1 MF; mineral free mix, PF; phosphorus free mineral mix, COMP; complete 
mineral mix. 
*1 AICl]･6H20; 0.32 mg, KI; 0.30 mg, CuCl; 0.20 mg, MnS04'SH20; 2.03 mg, 
CoCl; I .OI mg, ZnS04'7H20; 6.34 mg. 
Accu!nation to 
tbe lst diet 
Collect~on of 
f eces 
Fig. 2. 
Star-
vation 
AccBmarion ta 
the 2nd diet 
Feeding schedule. 
Collection of 
reces 
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A nalytical Meth ods 
The chemical analyses of the protein sources, the ex-
perimental diets, and the feces were carried out according 
to the methods described previously.1) Crude protein was 
calculated as 6.25 x nitrogen content determined by the 
Table 3. The proximate, amino acid, and mineral compositions of 
the protein sources
White Defatted Corn Malt Protein source fish soybean protein gluten meal meal fiour meal 
micro-Kjeldahl method. Chromic oxide was determined 
by the method of Furukawa and Tsukahara. 18) Amino acid 
composition was determined by an amino acid analyzer 
(Beckman 6300, USA) with a ninhydrin reagent and lithi-
um buffer system. l) All samples except for cystine and tryp-
tophan determinations were hydrolyzed in 6 N HCI for 22 
h at 1 10'C. Cystine content was determined as cysteic acid 
after performic acid oxidation of the sample followed by 
hydrolysis with 6 N HCI for 18 h.19) Samples for the deter-
mination of tryptophan were hydrolyzed in 3 N mercap-
toethanesulfonic acid for 22 h.20) Mineral composition was 
determined by an ICP emission spectrometer (Leeman 
Labs Inc., USA) after digestion of the sample with nitric 
acid and perchloric acid. Calcium (Ca), magnesium (Mg), 
P, iron (Fe), copper (Cu), manganese (Mn), and Zn were 
determined . Apparent availability (digestibility) values 
were calculated using the following equation: 
J Cr203 in diet (o/o) 
Availability (%)= 100 X 1 1 -Cr203 in feces ("/o) 
Nutrient in feces (olo) 
x utrient in diet (o/o) 
All the data for digestibility of protein and availabilities 
of amino acids and minerals among the four protein 
sources were compared using a one-way analysis of vari-
ance procedure, and the significance of differences among 
means from duplicate groups was assessed by Duncan's 
new multiple range test21] at a probability level of O_05. 
Results 
Proximate composition (o/･) 
Moisture 3.3 9.2 
Crude protein 69.9 44.5 
Crude fat ?.5 2.1 
Crude starch 1 .8 17.9 
Crude ash 13.5 6.3 
Amino acid composition (g/ 100 g protein) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tr ptophan 
Valine 
Alanine 
Aspartic acid 
Giutamic acid 
Glycine 
Proline 
Hydroxyproline 
Serine 
Taurine 
6.72 
1 .86 
4 . 74 
8 . 42 
8.44 
3.10 
l .36 
4.33 
3 . 92 
4.65 
0.78 
S.55 
6.IO 
9. 15 
14.44 
5.87 
4. 1 1 
0.64
4.76 
0.43 
Mineral compositi n (dry matter)
Ca (mg/g) 
Mg (*g/g) 
P (mg/g) 
Fe (pglg) 
Cu (pglg) 
Mn (/rg/g) 
Zn (pglg) 
33.8 
2.5 
22.0 
120.9 
3.2 
3.l 
74.4 
7.25 
l.83 
4.57 
7.76 
6.21 
l .25 
1 .72 
4.98 
3.50 
3 . 77 
0.47 
4.71 
4.31 
l0.65 
1 8 .09 
4. 1 7 
5.02 
ND * 
4.98 
ND 
2.6 
2.9 
7.0 
126.0 
13.4 
35.5 
44.0 
5.3 
5 1 .4 
13.3 
16.2 
I .8 
5.SO 
l .S9 
4.36 
8 .7 1 
3.41 
2.05 
2.44 
6.00 
4.03 
3 .40 
0.64 
S.55 
4.80 
6.45 
22.77 
3 .61 
10.05 
ND 
4.55 
ND 
l .2 
0.7 
5.2 
S28.6 
48 . 2 
17.6 
58.6 
1 2. 1 
65.4 
3.0 
12.5 
0.7 
3 . 03 
l . 54 
3.88 
17 . 54 
1 . 72 
2 . 22 
1 . 73 
6.46 
5.31 
3.29 
0.40 
4.28 
9.16 
5 . 98 
22.61 
2.55 
9.23 
ND 
5.55 
ND 
O.4 
O. 1 
5.7 
94.7 
10. 1 
1 ,O 
9.2 
Amino Acid and Mineral Compositions of the Protein 
Sources 
The proximate, amino acid, and mineral compositions 
of the test protein sources are given in Table 3. Compared 
with the amino acid composition of FM, the lysine, methio-
nine, and threonine contents of the test plant protein 
sources were lower. Among the plant protein sources, argi-
nine and lysine in SBM and the sulfur-containing amino 
acids (methionine and cystine) in MPF and CGM were rela-
tively richer than the other protein source(s) . Although 
glutamine and asparagine in the samples were detected as 
giutamic acid and aspartic acid, respectively, the total 
amounts of these acidic amino acids in the plant protein 
sources were similar, and were higher than those of FM. In 
MPF and CGM, proline content was approximately dou-
ble that of FM and SBM. 
The Ca and P contents in FM were markedly higher 
than those of the plant protein sources. On the contrary, 
the Cu and Mn contents in SBM and MPF, and the Fe con-
tent in MPF, were markedly richer compared with those of 
FM. The Mg and Fe contents in FM and SBM were simi-
lar . Although the Zn content of FM was higher than SBM 
and MPF, the Zn contents in the SBM and MPF diets 
without the supplemental minerals were higher than that 
of the FM diet when each protein source was incorporated 
$ ot detected_ 
t the same crude protein level (Table 4). Most of the 
mineral contents in CGM were rather lower than those of 
the other sources. 
Digestibil ty f Protein and Availability ofAmino Acids 
from the Pr tein Sources 
Apparent protein digestibility and individual amino acid 
availabilitie  are given in Table 5 . The tryptophan 
availability valu  of CGM could not be determined due to 
the v ry low tryptophan content in the feces . The protein 
digestibility of CGM was the highest (96･/･) (p<0.05), 
slightly lower in FM and SBM (94o/･), and was the lowest 
in MPF (86･/･)･ Individual amino acid availabilities within 
each protein source were similar and almost approximated 
to the app ent protein digestibility value. However, the 
amino acid availabili y values of MPF showed greater in-
travariation compar d with the other proteins. Amino 
acid availabil ies of CGM showed the highest values 
among the four protein sources except for lysine and threo-
nine. Although the protein digestibility values of FM and 
SBM w re similar, most of amino acid availabilities of 
SBM were lower than those of FM . There was little differ-
ence in the verage values between the essential and the 
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Table 4. 
Yamamoto et a/. 
Amino acid and mineral compositions of the experimental diets (dry matter) 
Diet * l 
Mineral mix*2 
FM SBM MPF caM 
MF PF COMP MF PF COMP MF PF COMP MF PF COMP 
AJnino acid composition (g/ 100 g) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Trypto phan 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 
ND*3 
2.54 
0.67 
l .62 
3.20 
3.00 
1.16 
0.55 
1.61 
1.33 
l.87 
ND O. 1 8 
1 .92 
2.41 
3.32 
5.53 
2.30 
1 .60 
1.91 
ND ND 
2.71 
O.72 
1 :60 
2.89 
2. 14 
O.42 
O.58 
l .84 
l .28 
l .49 
O . 22 
1 .64 
l .64 
3.71 
6.79 
1 . S7 
1 . 86 
1 . 96 
1 .98 
0.63 
1 .48 
3.12 
1 . 14 
0.72 
0.88 
2.21 
1 .44 
l . 29 ND O. 17 ND 1.87 
l .75 
2.21 
8.27 
l.34 
3 .64 
I .70 
ND ND 
1 .2 1 
0.50 
l.52 
6.75 
O.56 
0.79 
O , 64 
2 , 42 
1.89 
1 ,25 
O, 14 
1.61 
3 . 53 
2. I l 
8.53 
0.97 
3 . 48 
2.08 
Mineral composition 
Ca (mg/g) 12.6 Mg (mg/g) I . l P (mg/g) 8.8 Fe (pg/g) 98.5 Cu (,rg/g) 2.1 Mn (,rg/g) 2. 1 Zn (pg/g) 34.4 
15.0 
1 .7 
9.3 
236.0 
3.1 
8. 1 
58.7 
18.7 
l.8 
13.6 
296 . 3 
3.0 
8.5 
S8.9 
2.4 
2.3 
5.7 
142.5 
12.0 
31.3 
41.5 
3.6 
2.9 
5.7 
241 . 8 
12.8 
36. 1 
60. 1 
3.5 
2,8 
7.6 
321 . 3 
ll.9 
34.9 
53.7 
l.l 
0.5 
3.8 
446 . 6 
37.7 
13.7 
42.4 
2.2 
1.l 
3.8 
539.6 
38.5 
19.6 
63.5 
2.2 
1 .O 
5,7 
557.8 
35,9 
18,0 
59,4 
O.6 
O. 1 
3.1 
127.9 
0.4 
2.0 
12.l 
1.7 
0.7 
3.3 
222.3 
6.7 
7.2 
25.4 
1.8 
0.6 
5.2 
252.0 
6.3 
7. l 
23.1 
*1 See the footnote of Table l. 
*2 Scc the footnote of Tablc 2. 
*: Not determined. 
non-essential amino acid availabilities* 
A vailability of Minera!s from the Protein Sources 
Apparent availability of minerals from the protein 
sources is given in Table 6. Most of the availability values 
for Ca and some for other minerals gave riegative values 
and were omitted from the table or recorded as zero. 
When the fish were fed on the mineral mix free (MF) 
diets, the Mg availability was the highest (p< 0.05) in the 
FM diet, followed by the MPF and SBM diets. The P 
availability of the MF-FM and MF-MPF diets were equiva-
lent (37 and 360/0, respectively), but that of the MF-SBM 
diet was low (14010). The availabilities of Fe and Mn from 
each of the four MF diets were very low. In the MF-SBM 
diet, very high Cu and Zn availabilities (78 and 740/0, re-
spectively) were noted. 
Inclusion of the P-free mineral mix (PF) in the FM diet 
increased the availability of all minerals except P . On the 
contrary, only the Mg availabilities signifiCantly increased 
for the three PF plant protein source diets.' 
When the complete mineral mix (COMP) was added to 
the test diets, the availabilities of most mineirals in the 
COMP-FM diet were further improved compiar~d with the 
PF-FM diet. In the COMP plant protein diets, only P 
availabilities were significantly improved from the values 
attained for the PF diets. The COMP-MPF diet showed 
the highest P availability and an equivalent Mg availability 
to tho e for the COMP-FM diet. Availabilities of Cu, Mn, 
and Zn in the COMP plant protein diets were not im-
proved eve  from the values of the MF diets. The Zn 
availabilities of SBM and CGM tended to decrease by the 
inclusion of the m nerals. 
Discussi ns 
Prote n Digestibility and Amino Acid Availability 
The four protein sourc s examined in the present study 
were well digest d by f ngerling rainbow trout. The appar-
ent protein digestibility values of FM (94'10), SBM (94'/･), 
and CGM (960/*) re in agreement with the highest values 
among the previous reports in rainbow trout.22,23) Some of 
the values reported previously2~2s) are lower than those of 
the present study, and the difference may be due to the 
digestibility measuring methods, the quality of the in-
gredients t st d, and also the dietary compositions as dis-
cus ed by Anderson et al. Io,ll) As the digestibility 
c efficien s depend on the water temperature,29) one should 
carefully evaluate each set of data. The protein digestibili-
ty value for MPF (860/0) is similar to that for canola meal 
(83_8701･).8) 
The individual amino acid availability values within 
each df the four protein sources examined were similar and 
almost approximated the apparent protein digestibility 
value. This su gests that negative influences of the proc-
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Table 5. Apparent protein digestibility and amino acid availability 
of the protein sources ('/･) for fingerling rainbow trout reared at 
15'C 
Diet*1 FM Pooled SBM MPF CG  SEM*: 
tion of the am no ac d availabilities . Anderson et a!, I l) com-
pared the effect of the two different methods for collecting 
feces on amino acid availability for several fish meals. 
They demonstrated that the apparent availability values by 
the sedimentation method were about 90/0 higher on 
Crude protein 94.2b*3 
Essential and semi-essential 
Arginine 97 . 4b* 
Histidine 95.7b 
Isoleucine 96.8-
Leucine 96.9* 
Lysine 97 . 6-
Methionine 97.1' 
Cystine 92 . 2b 
Phenylalanine 96.4-
Tyrosine 97.3-
Threonine 96.4d 
Tryptophan 98.7-
Valine 96.3-
Non-essential 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 
Average value 
Essential 
Non-essential 
Total amino acid 
SD*5 
96.4' 
94.3b 
97.3c 
93 . 8b* 
95 . 2b 
95.7' 
94.0b 96.2' 0.35 8S.5a 
96. I b 
95.5b 
93.9b 
93.6b 
9S.Ob 
95.lb 
92.4b 
94. Ib 
94.8b 
93.2b 
96.9b 
93.2b 
94. I b 
93.6b 
95.7b 
93.4b 
93.7b 
93.7b 
89.5a 
83.9' 
86.8* 
85.8' 
85.8a 
83.0a 
84 . 8a 
88.8a 
86.7a 
84. Ia 
93.3a 
85.7a 
84.9a 
g0.2a 
90.2a 
83. Ia 
90.7a 
85.4a 
97.7' 
96.5b 
97 . 2' 
97.7' 
95 . 7b 
97.4' 
95.2' 
97.7c 
97.9' 
95.Sc 
ND*4 
97.0' 
97.5c 
96. Ic 
97 . 6c 
95.3' 
97.3c 
97 . Od 
0.34 
0.39 
0.39 
0.39 
0.24 
0.26 
O.30 
O.35 
0.33 
0.18 
0.26 
O.40 
o.39 
0.35 
0.33 
0.42 
0.37 
0.29 
96.5' 94.5b 86.5a 96.9c 0.28 
95.5c 94,0b 85.7a 96.8c 0.35 
96.2' 94.3b 86.3a 96.8' 0.29 
l .50 1 . 1 8 3.21 0.95 
*1 See thc footnote of Table l. 
*2 Standard error of thc means. 
*; Values with the same superscript in the same row are not significantly different 
( p > 0.05). 
~4 Not determined. 
*s Standard deviation for total amino acid availability values for each protein 
source. 
average than for those by the manual stripping method. 
Although they did not discuss the cause(s) of the intravari-
ation of the availabilities between the two methods, the 
stripping method generally seems to give larger intravaria-
tion than the sedimentation method. 
The intravariation of amino acid availabilities for MPF 
in this study was larger compared with the other three pro-
tein sources. Metabolic fecal amino acid might infiuence 
the variation of the apparent amino acid availability 
values of a protein source. Although Wilson et al.7) and 
Anderson et al, ro) determined the true amino acid availabil-
ity for several feed ingredients taking into account the 
metabolic fecal amino acids, the intravariation of amino 
acid availabilities in their studies was still large. In addi-
tion to differences in the methods for collecting feces, a 
possible difference between the metabolic fecal amino acid 
compositions when fish are fed on protein-free diets and 
test diets containing a test protein source might also be a 
reason. The cause(s) of the degree of intravariation among 
amino acid availability values should be clarified by future 
examinations . 
The present study shows that the individual apparent 
amino acid availabilities within each of the four protein 
sources in fingerling rainbow trout almost approximate the 
protein digestibility, and the intravariations of the 
vail bilit es for FM, SBM, and CGM are small. Thus we 
conclude that the apparent protein digestibility value of a 
protein source is indicative of the amino acid availability 
values when the protein digestibility value is high such as 
for FM, SBM, and CGM in rainbow trout. 
essing and any possible antinutritional factor(s) of the pro-
tein sources used in this study are insignificant in the 
availability of individual amino acid, and that there are 
few specific peptide bonds that are resistant to fish diges-
tion. The study by Hossain and Jauncey9) for common 
carp showed similar low levels of intravariation of amino 
acid availabilities as the present study. These two studies 
adopted the sedimentation method using tank systems for 
collecting feces unlike the other studies.7,lo,il) By contrast, 
the studies by Wilson et al.7) for channel catfish and Ander-
son et al. Io,ll) for Atlantic salmon showed larger intravaria-
Miner / A vailability 
The difficulties in determining bioavailability of miner-
als from fish diets were discussed in the review by Lall.30) In 
the present study, ome of the apparent availabilities such 
s for Ca showed negative values due to the absorption of 
minerals from the environmental water30,31) and to low con-
tent  of the minerals in the diets. However, the data from 
this comparative mineral availability study gave us some in-
teresting information . 
The availability of Zn from SBM per se (740/0) is surpris-
ingly igh though Sa oh et /. *a,2 suggested the necessity of 
Table 6. Apparent availability of minerals from the protein sources ("/o) for fingerling rainbow trout reared at 15'C 
Diet*l 
Mineral mix* I MF 
PM SBM 
PF COMP MF PF COMP 
CGM M PF COMP SEM*2 PF COMP M  
Mg 
P 
Fe 
Cu 
Mn 
Zn 
54.9def~2 
37 .Oed 
0.0at3 
4.6a 
O.On*3 
30.5br 
64.2f 
3 1 .2t 
22.6cd 
52.6c 
2 1 .9b! 
45 .4e 
6 1 . 1'r 
50.9* 
5 1 .2f 
65 .7d 
37.0d 
5 1 .S' 
24.2b 
14.1b 
19.3bcd 
77 . 7ef 
14.6bc 
74. I g 
37.7~ 
1 3 .9b 
27 . 3cde 
82 . 9 f 
l 9 . 8b* 
70_5fg 
32.lbc 
35.8td 
39.6ef 
74.2dcf 
20.7bc 
64.4r 
37.2-
35.6･d 
7.9b 
39.0b 
1 1 .4b-
38.Id 
S6 , 9dfr 
36.7cd 
l 6 . 9bc 
39. I b 
l 5 .2bc 
34.5cd 
59.4cf 
61 .7f 
2 8 . 6cde 
39.0b 
20. I bc 
36.6cd 
0,0a*3 
l . 6a 
26,0cd 
63 . 6d 
10,0h 
47 . 7e 
52 . Sde 
l I .2b 
25 . 8cd 
69.8de 
22.3bc 
24 . I ab 
47 . 6d 
41.5d 
3 1 .Ode 
67.2de 
24.0' 
17.4a 
2.82 
2.30 
4.02 
3 . 42 
3.92 
2.20 
*1 See the footnote of Table 4. 
*: See the footnote of Table S. 
'3 These values were calculated as negative values. 
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supplying excess Zn (80 pglg) and Mn (40,tg/g) to rain- point of the impact of P on the environment. 
bow trout diets containing 300/Q of SBM. Lall30) aiso men-
tioned that Zn was better absorbed from animal protein 
supplements than from plant protein sources. The present 
results indicate that the calculated available Zn content in 
SBM (32.6pg/g) is higher than that in FM (22.7pglg). 
On the other hand, the finding that P availability for MPF 
per se (35.60/0) was higher than that for SBM (14. Io/o), and 
was equivalent to that for FM (37.00/0) is also interesting 
because most of P in plant sources such as SBM is consi-
dered to be present as low available phyiin P .30,32) 
As we explained in the previous report,1) MPF Is proc-
essed from brewer's spent grain which is made mainly 
from a saccarified malt. Phyiase is known to be activated 
during germination of plant seeds and to release available 
inorganic P from phyiic acid. Cain and Garling33) reported 
that a pretreatment of soybean meal with phyiase in-
creased the availability of P and protein in rainbow trout 
diets. Accordingly, the ratio of available non-phyiic P to 
total P in MPF would be higher than that of SBM, so that 
the P availability for the MPF diet was higher than that 
for the SBM diet. On the other hand, SBM and phyiic acid 
were reported to reduce availabilities of Zn and Mn in fish 
diets.34,35),*3,*4 In this study, we also found that the availabil-
ities of the trace elements from the PF-SBM and the 
COMP-SBM diets did not change compared with those of 
the MF-SBM diet. However, the findings that the Zn 
availability of MPF was much lower than that of SBM, 
and that the trace element availabilities of the MPF diets 
were also unchanged like the case of SBM, can not be ex-
plained on the basis of the phyiic acid content in SBM and 
MPF. Spinelli et a/.36] demonstrated that the reduced 
growth of rainbow trout fed on diets containing phyiic 
acid was due to the reduction of dietary protein digestibili-
ty rather than to the reduction of the availability of Zn, 
Fe, or Cu. Thus, more precise examinations are necessary 
on the availability of minerals contained in protein sources 
and on the infiuence of the protein sources on the availabil-
ity of supplemental minerals to diets. 
It has been well demonstrated that tricalcium phosphate 
contained in fish meal decreases the availability of Zn and 
Mn in fish diets.17,s7.38) In this study, we also found that the 
MF-FM diet exhibited the lowest Mn and Zn availability 
values among the protein sources tested. The availabilities 
of Fe. Cu, and Mn in the COMP-FM diet were higher than 
those of the PF-FM diet though the reason is not known at 
present . The P availability for FM per se (MF-FM diet) is 
half the value obtained for rainbow trout by Ogino et a/. 16) 
perhaps due to differences in the fish meal quality such as 
P content. 
The result of the present study suggests that individual 
mineral availabilities among the protein sources vary wide-
ly and that it is necessary to determine the mineral 
availability for respective protein sources. The findings 
that the P availability for MPF per se was equivalent to 
that for FM, and that the P availability for the MPF diet 
with the complete mineral mix was the highest among the 
protein sources tested, should be noted from the stand-
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要　約
　第1章から第4章の第1節までのニジマス稚魚を用いた一連の飼育試験において，
同じ採糞用水槽（養殖研方式）1）を用いて測定した魚粉代替原料配合飼料のタンパク
質の見かけの消化吸収率が，配合する原料およびその配合比率により異なることから，
各種原料のタンパク質の消化吸収率が異なることが示唆された。そのため，前章第2
節においてはニジマス稚魚に各種原料を唯一のタンパク質源とする飼料を給与し，間
接法により各種原料のタンパク質の見かけの消化吸収率を測定し，そのことを確認し
た。一方，本研究でこれまで実施セた一一連の飼育試験における試験飼料のタンパク質
の消化吸収率を魚種間で比較すると，例えばニジマスやマダイに比べてコイでは大豆
油粕や麦芽タンパク質のみならず，、魚粉のタンパク質の消化吸収率も低いように受け
取れる。しかしながら，各魚種ともそれぞれ異なる方法により糞を採取しているため，
それらのタンパク質の消化吸収率牽直接比較し評価することはできない。したがって，
同じ採糞方法により異なる魚種について各種原料のタンパク質の消化吸収率を明ら
かにする必要があると考えられる。
　一方，各種タンパク質を構成するいくつかのアミノ酸の消化吸収率がそのタンパク
質の消化吸収率に比べてかなり低いことが報告されており，原料中の利用可能なアミ
ノ酸含量を求める際には注意を要することが指摘されている。鯉前章第2節におい
ては，試験した各種タンパク質を構成するアミノ酸の見かけの消化吸収率は，特に消
化吸収率の高いタンパク質についてはおおむねタンパク質の消化吸収率に近い値で
あり，極端に消化吸収率の低いアミノ酸はみられなかった。しかしながら各種原料の
タンパク質の消化吸収率に関する報告に比べ，各種原料のアミノ酸の消化吸収率を比
較した研究は少なく，ぐ伊本研究においても各種魚類における各種原料タンパク質の
消化吸収率に加え，アミノ酸の消化吸収率についても明らかにする必要があると考え
られる。10
　そこで本章では，同じ採糞用水槽を用い，同じ原料のタンパク質とそのアミノ酸の
消化吸収率を，ヒラメ，ニジマス，コイおよびマダイ稚魚において間接法により測定
し，比較した。厳密には本章第1節においてヒラメに適用した水槽は本章第2節以降
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のものとは多少異なるが，糞を集める基本的な原理は同じであり，これら4魚種間の
比較は可能であると考えられる。ま之，第2節以降では，無タンパク質飼料を給与し
て糞を採取し，その糞中のタンパク質およびアミノ酸の含量を補正して，各種原料の
真のタンパク質とそのアミノ酸の消化吸収率を推定した。タンパク質の摂取量が多い
場合には，タンパク質の消化吸収率爾見かけと真の値にはさほど差がないことが報告
されている。11）一方で消化吸収率の低い原料に対しては見かけの値との差が大きい
ため，アミノ酸の真の消化吸収率を測定する必要性が指摘されている。5ユ9
　本章第2節から第4節では，エクストルーダー処理をした大豆油粕および麦芽タン
パク質についても併せて検討した。エクストルーダー処理は，第1章でも述べたよう
に，適切な条件下で大豆油粕等に施すと，タンパク質分解酵素阻害物質，抗原性物質
およびミネラルの利用率を低下させる物質等抗栄養因子を低減できることが報告さ
れている。12『固　また，植物性原料のデンプン質をアルファー化し，炭水化物の消化
吸収率を向上させることが魚類においても確認されている。16｝勿しかしながら植物
性原料のタンパク質の消化吸収率の向上に対しては，効果がないとする報告が多いも
のの，1＆20一塑　処理の条件によってはタンパク質の構造が変化し消化吸収率が向上す
ると考えられている。12－1ゆ一方でエクストルーダー処理は，高温および高圧を伴う
ため，アミノ酸の損失および利用性の低下を招くことが危惧される。121鼠23「2ゆ　した
がって本章では，大豆油粕および麦芽タンパク質へのエクストルーダー処理が，それ
らのタンパク質の消化吸収率のみならず，個々のアミノ酸の消化吸収率に及ぼす影響
も併せて検討した。
　第1節では，平均体重25gのヒラメを採糞用水槽（論文原稿中の図1参照）に収容
しゴ前章の第2節で試験したものと同じ魚粉，大豆油粕，麦芽タンパク質またはコー
ングルテンミールを唯一のタンパク質源とする飼料（粗タンパク質40％，粗脂肪
10％）を水温20℃の下で飽食量給与し，糞を採取した。第2節から第4節では，ニジ
マス（平均体重14g，水温15℃）11コイ（平均体重15g，水温25℃）およびマダイ（平
均体重21g，水温20℃）をそれぞれ第1節で用いた水槽をさらに改良した採糞用水槽
（論文原稿中の図1参照）に収容．した。試験飼料は第1節と同様に魚粉，大豆油粕，麦
芽タンパク質およびコーングルテンミールと，それらに加え，エクストルーダー処理
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をした大豆油粕および麦芽タンパク質をそれぞれ唯一のタンパク質源とした飼料（粗
タンパク質35％，粗脂肪15％（コイ用飼料では同10％〉〉，および無タンパク質飼
料の7種類とした。これらの飼料を上記の魚種に飽食量給与し，糞を採取した。タン
パク質とそのアミノ酸の消化吸収率は前章第2節と同様，酸化クロムを指標物質とす
る問接法により求めた。
　その結果，魚粉タンパク質の見かけの消化吸収率は各魚種とも89～94％と優れて
いた。一方，大豆油粕および麦芽タンパク質のそれは，ニジマス，コィおよびマダィで
は各魚種とも同様の値（大豆油粕。；90～93％，麦芽タンパク質；81～84％）であっ
たが，ヒラメではそれぞれ80％および69％とやや劣った。一方，コーングルテンミー
ルのタンパク質の見かけの消化吸収率は，ニジマスでは95％と魚粉や大豆油粕と同
等であったが，コイやマダイでは76～79％とやや劣り，ヒラメではわずか42％であ
った。各種タンパク質中の個々のアミノ酸の消化吸収率には前章第2節と同様，極端
な差は認められず，おおむねタンパク質の消化吸収率に近い値を示した。一方，エク
ストルーダー処理により大豆油粕および麦芽タンパク質のタンパク質の消化吸収率
が幾分向上する傾向がみられ，大豆油粕のタンパク質の真の消化吸収率は100％に近
いと推定された。また，個々のア雫ノ酸の消化吸塚率も同様に向上する傾向がみられ，
エクストルーダー処理による悪影響は認められなかった。タンパク質の見かけと真の
消化吸収率の間には大きな差は認められなかったが（差は1．3～3、6％），コーングル
テンミールのリジン等，原料中の含量が少なく無タンパク質飼料を与えた際の糞に比
較的多く含まれるアミノ酸に関しては，見かけと真の消化吸収率の差が大きかった。
　以上のことから，各種原料のタンパク質とそのアミノ酸の消化吸収率は，原料の種
類により，また，魚種間でもかなり異なることが明らかとなった。特にヒラメでは試
験した植物性原料の利用性ポかな0低く，実用飼料に配合するに際しては，動物性原
料を含め他の原料の利用を検討する必要性が示唆された。また，今回の条件下での大
豆油粕や麦芽タンパク質へのエクストルーダー処理は，個々のアミノ酸の消化吸収率
を低下させることなくタンパク質の消化吸収率を向上させる傾向がみられた。また，
同様の処理条件下で大豆油粕にエクストルーダー処理を施した場合に飼料中の微量
元素の利用性が向上することが報告されてや資ことから，1θ適切な条件下でのエクス
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Abstract 
Apparent availabilities of amino acids from several protein sources 
for fingerling Japanese fiounder 
Takeshi Yamamoto Tatsuya Unuma, and Toshio Akiyama 
Apparent availabilities of amino acids from white fish meal (FM), defatted 
soybean meal (SBM), malt protein fiour (MPF), and corn gluten meal (CGM) 
were deternrined for fingerling Japanese flounder Paralichthys olivaceus. 
Test diets each containing one of the four protein sources at approximately 
409~0 crude protein level were fed to groups of twenty fish (mean weight; 
25g). Fish were stocked at 2CPC in a conical tank designed for fecal 
collection. Apparent protein digestibility (APD) and amino acid availability 
( MM) were determined by an indirect method. 
The APD and the mean ,~~A of each protein source were similar: 91 and 
94% for FM; 80 and 81% for SBM; 69 and 71% for MPF; and 42 and 46% for CGM. 
The individual MAA of FM were simiiar and almost approximated the APD, 
while intravariations of the A~~A for the three plant protein sources were 
larger than that for FM. 
These results suggest that Japanese flounder does not utilize protein and 
amino acids from plant protein sources as effectively as from FM. 
Key words: alternative protein sources, amino acid availability, Paralichthys 
olivaceus, protein digestibility 
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Yamamoto et al.: Availability of amino acids ih fiounder diets 
Apparent availabilities of amino acids from several protein sources 
for fingerling Japanese flounder*l 
Takeshi Yamamoto,'2 Tatsuya Unuma,'2 and Toshio Akiyama 
In formulating practical fish feeds, information on the availability of 
nutrients from feed ingredients is necessary to improve the quality of the 
feeds. The nutritional value of a protein highly depends on its digestibility 
and its amino acid composition. Many studies have been conducted on the 
replacement of fish meai with less costiy protein sources such as soybean 
meal (reviews by Murai 1992 ; Pongmaneerat 1994). However, since 
alternative protein sources for fish meai have different amino acid 
compositions, the availability of arnino acids from these protein sources 
should be assessed to ensure an ef~ective substitution of fish meai. 
We reported the apparent protein digestibility and amino acid availabilities 
of white fish meal (FM), defatted soybean meal (SBM), malt protein flour 
(MPF), and corn gluten meal (CGM) for fingerling rainbow trout 
Oncorhynchus mykiss (Yamamoto et al. 1997). The results indicated that the 
protein digestibilities of FM, SBM, and CGM were around 9S%, and that of MPF 
was 869~0. In addition, the individual amino acid availabilities within each 
protein sources were sirnilar and aimost approximated the protein 
** This study was presented in part at the meeting of the Japanese Society of 
Fisheries Science, Tokyo, April 1995. 
'2 Inland Station, National Research Institute of Aquaculture, Tamaki, Mie 
519~4, Japan (LLl~1~~9~~, ~~~J~~~. ~~LLl~C~~, : ~~~:~?~7~~f~~~~riF~~) 
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digestibility vaiue. For Japanese flounder Paralichthys olivaceus diets, 
however, Iittle information is available on the protein digestibility and 
amino acid availabilities of protein sources. The effect of several protein 
sources on the nitrogenous excretion from flounder has been examined by 
Kikuchi et al. (1993). 
Our previous study on the utilization of MPF and SBM in fingerling 
Japanese fiounder diets (Yamamoto et ~l. 199S), however, proved that the 
allowable substitution level of fish meal protein by either MPF alone or a 
combination of MPF and SBM was 20%. This level is rather lower than the 
40% by MPF in fingerling rainbow trout diets (Yamamoto et al. 1994). As one 
of the causes of the inferior performances of flounder compared to rainbow 
trout, we suggested that the protein digestibility of plant protein sources 
might be lower by fiounder than by rainbow trout (Yamamoto et al. 1995). 
In this study we therefore examirLed the apparent protein digestibility and 
amino acid availabilities of the sai:me four protein sources that were tested for 
rainbow trout, i.e., FM, SBM. MPF, and CGM, for fingerling Japanese flounder. 
Materials and Methods 
Diets The proximate and amino acid compositions of the protein sources are 
shown in Table l. The four protein sources examjned were exactiy the same 
as used in the previous study for rainbow trout (Yamamoto et al. 1997). The 
formulation and the proximate and amino acid compositions of the test diets 
are given in Table 2. The dietary composition was basically the same as the 
previous study except that the crude protein and the crude fat levels of the 
test diets were adjusted to approximately 40 and lO%, respectively in the 
present study. To stimulate fish feed intake, a mixture of alanine, proline, 
lll 
and inosine-5'-monophosphate disodium ( IMP ･2Na, Nacaiai Tesque Inc., 
Japan) was further included in th~ test diets (Shimeno etal. 1993). All these 
ingredients were thoroughly mixed, moistened, and extruded into a spaghetti-
like form using a mincing machine~. The diets were then cut into 
approximately I cm length and freeze-dried. The diets were stored at - 2(~C 
until being fed to the fish. 
Fish and Feeding Fingerling Japanese fiounder were transferred from the 
Nansei-cho Fish Seed Center to the Coastal Station of the National Research 
Institute of Aquaculture. The fish were reared with a commercial fiounder 
feed (Higashimaru Foods Inc., Japan) at 20'C for three months. Then a group 
of twenty fish with a similar size (mean weight; 25:1: 2.9g) was selected and 
transferred into a conical tank for collecting feces (Fig. 1). The tank was 
continuously supplied with temperature-regulated sea water (20'C), and was 
fitted with an acrylic column into which feces settled. The lower part of the 
column was cooled with crushed ice to minimize decomposition of nutrients 
in the feces. The fish were acclimated to one of the test diets for four days 
before the start of fecai collection. The diet was fed to the fish to satiation 
once a day, and the feces in the column were sampled on the following day 
immediately prior to the next feeding, over the ensuing four days. The feces 
were pooled and stored at -2CfC. A single triai was done for each test diet. 
After the triai, all the fish were removed from the tank and a new group of 
fish was transferred to the tank and fed on another diet. These procedures 
were done for each of the fotir test diets. 
Analytjcal methods All chemical analyses and calculations of amino acid 
availabilities were carried out using the saJn~ methods described previously 
1 12 
(Yamamoto etal. 1997). Though alanine and proline in crystalline form were 
included in the diets as constituents of the feeding stimulant, no particular 
correction was carried out in calculating the availability values. 
Results 
Apparent protein digestibility (APD) and amino acid availability (AAAA) of 
the protein sources are given in Table 3. The FM protein was well digested by 
Japanese flounder and showed the highest APD (91%) among the protein 
sources teste(L The APD of the three plant protein sources were lower than 
that of PM. Among them, the APD of CGM protein (42%) was less than half the 
vaiue for FM. 
The individuai ~~A of FM were sirrrilar and aimost approximated the APD. 
However, the A~A of the three plant protein sources showed larger 
intravariations than that for FM. The availability of histidine from MPF and 
that of threonine from CGM were the lowest in the respective protein 
sources. Lysine availabilities of MPF and CGM were aiso low compared with 
other arnino acids. There was little difference in the mean values between 
the essential and the non-essential aJatino acid avajiabilities of the protein 
sources. The mean availabilities of the amino acids were slightly but always 
higher than the APD in each of the sources. 
Discussion 
The APD of FM by Japanese fiounder shows a high value (919~0) similar to 
that reported in rainbow trout (94%) (Yamamoto et al. 1997), while the APD of 
the three plant protein sources ar~' Iower than rainbow trout. The APD of 
l 13 
SBM (809~o) and MPF (69%) by flounder are about 1596 Iower than the values 
for rainbow trout (94% and 869~o, respectively). This low protein digestibility 
of MPF and SBM would be one of the causes of the inferior growth and feed 
performances of Japanese fiounder that were fed on diets containing these 
two ingredients (Yamamoto et al. 1995). In addition, the APD of CGM by 
flounder is low (4296), and is less than half the vaiue attained by rainbow 
trout (96%) (Yamamoto et al. 1997). Masumoto et al. (1996) aiso reported a low 
digestibility of CGM protein (50%) in yellowtail Seriola quinqueradiata, 
indicating that carnivorous sea water fish may be less capable of digesting 
plant proteins, especially CGM protein. Watanabe et al. ( 1996) demonstrated 
that CGM protein digestibilities in rainbow trout and carp Cyprinus carpio 
were elevated as water temperature increased. Therefore, digestive activity 
on plant proteins by Japanese flounder might also be improved according as 
water temperature Increases. 
The intravariation of the A~A for FM in Japanese flounder was smail. 
Similar observations were found in rainbow trout for FM, SBM, and CGM 
(Yamamoto et al. 1997). All these ingredients showed high APD (>91%). 
However , the amino acid availabilities of the three plant protein sources 
which had lower protein digestibilities than that of FM in fiounder showed 
larger intravariations. This phenomenon was aiso observed in rainbow trout 
for MPF in our previous report (Yamamoto et al. 1997) and in the studies by 
Wilson et al. (1981) and Anderson etal. (1992), though the reason is not 
known at present. 
In this study, we included a feeding stimulant containing alanine, proline, 
and IMP ･2Na in the diets to enhance fish feed intake. Masumoto et al. (1996) 
also determined amino acid availabilities of several protein sources for 
yellowtail, using diets containing the same feeding stimulant as the present 
1 14 
study. They did not make particular correction on alanine and proline 
availabilities, based on the finding that the crystalline form of amino acids 
are highly absorbable (Plakas and Katayama 1981; Yamada etal. 1981). In this 
paper, we attempt to recaiculate the alanine and proline availabilities by 
subtracting the crystalline anrino acid content from the dietary content, 
based on the assumption that these crystailine amino acids in the diets were 
completely absorbed. The corrected values (%) of alanine and proline 
availability are 934 and 93.3 for FM, 78.6 and 82~ for SBM, 68.4 and 79.1 for 
MPF, and 44.3 and 45.8 for CGM. The differences between the vaiues in Table 3 
and the corrected ones are small, however, degree of the difference 
increased as the decrease of the amino acid availabilities such as proline in 
CGM. Moreover, Takii etal. ( 1986) reported that a feeding stimulant promoted 
digestion and absorption of diet for Japanese eel Anguilla japonica. Thus 
influence of a feeding stimulant on amino acid availabilities should be 
considered and clarified. 
In this study, we used a different type of tank system from that used in the 
previous study for rainbow trout (Yamamoto et al. 1997), for collecting feces. 
In the present tank system, feces were deposited with less disturbance than 
in the previous system in which feces were transferred through a siphon. 
Since feces of flounder seemed more breakable than those of rainbow trout, 
this new tank system may be useful to collect feces for species like Japanese 
flounder. 
This study recommends that inclusion of alternative plant protein sources 
in Japanese flounder diets should be carefully examined, as some protein 
sources have low protein digestibilities. We conclude that due to its low 
protein digestibility CGM is not suitable as a practical protein source for 
Japanese flounder diet. 
ll5 
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　　　　↓
Overflow
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丁
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Fig．1．Tank　system　for　collecting　feces
　The　fish（n＝20）were　stocked　in　the　water　above　the　wire　net，and　were　fed
on　a　test　diet．Uneaten　foods　were　dra血ed　from　the　valve　without　connection
to　the　acrylic　column・After　all　uneaten　foods　were　cleaned　from　the　system，
th．e　column　was　attached　so　that　feca．1materials　were　collected血to　the
column．The　lower　p肛t　of　the　column．w＆s　cooledwith　crushed　ice．The　feces
were　sampled　on　the　following　day　immedi負tely　prior　to　the　next　feeding．
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Table 1. Proximate and amino acid compositions of the protein sources 
Protein source 
Whi te 
f ish 
meai 
Defatted 
soybean 
meal 
Malt 
proteln 
flour 
Com gluten 
meai 
Proximate composition ( 9~o ) 
Crude protein (N X 6.25) 69,9 Crude fat 7L5 Crude starch* I 1,8 Crude ash 13.5 
Amino acid composition (g/lOOg protein) 
Arginine 6.72 
Histidine 1,86 
Isoleucine 4,74 
Leucine 8 .42 
Lysine 8 .44 
Methionine 3.10 
Cystine 1,36 
Phenylalanine 4,33 
Tyro sine 3.92 
Threonine 4,65 
Try ptophan 0,78 
Valine 5,55 
Aspartic acid 9,15 Glutamic acid 14A4 
Hydroxyproline 0,64 
*l 
9.2 
44.5 
2.1 
17.9 
6.3 
7.25 
1.83 
4.S7 
7.76 
6.2 1 
l.2S 
1.72 
4.98 
3 .50 
3.77 
0.47 
4.71 
4.3 l 
l0.6S 
18.09 
4.17 
5,02 
ND f 2 
4.98 
ND 
5.3 
51.4 
13.3 
16.2 
1 .8 
5.SO 
1.59 
4.36 
8.71 
3 .41 
2.05 
2 .44 
6.00 
4.03 
3 .40 
0.64 
5 .5 5 
4.80 
6.4S 
22.77 
3 .6 1 
1 0.05 
ND 
4.SS 
ND 
12.1 
65.4 
3 .O 
1 2.S 
0.7 
3 .03 
1.54 
3.88 
17.54 
l.72 
2.22 
1.73 
6.46 
S.31 
3.29 
0.40 
4.28 
9.16 
5 .98 
22.61 
2.SS 
9.23 
ND 
S.SS 
ND 
*2 
Carbohydrate hydrolyzed by boiling S% HCI for 2 h. 
Not detected. 
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Table 2. Ingredients and proxitnate and amino acid compositions of the test 
diets 
Diet* 1 FM - SBM MPF CGM 
Ingredient (ol~) 
White fish meai 
Soybean meal 
Mait protein flour 
Corn gluten meai 
Pollock visceral oil 
Dextrin 
Cellulose 
Vitamin mix*2 
Mineral mix*2 
Chromic oxtde 
Feeding stimulants*3 
53.7 ~ 
5L8 .
1 1 S 
24.0 
2 .O 
2.0 
 
0'5 
0'5 
Nutrient composition (% dry matter) 
Crude protein (N x 6.25) 40.6 
Crude fat 9.4 
Amino acid composition (g/109g dr, y diet) 
Arginine 
His tidi ne 
Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Trypto phan 
Valine 
2.68 
=0.71 
l.84 
3 A3 
3.S6 
1*2-2 
O*53 
l.71-
l.36 
1 .93 
0.24 
2.18 
86.S 
8.5 
s .o 
42.9 
l0.9 
3.13 
0.91 
1 .97 
3.36 
2.71 
O.S5 
0.89 
2.16 
l .48 
1 .7 1 
0.25 
2.lO 
72.7 
1.5 
1 l.S 
9.3 
5 .O 
41.4 
11.8 
2.33 
0.68 
1.69 
3 .49 
l.37 
0.80 
1 .42 
2.3S 
1.57 
1 .47 
0.24 
2.28 
S 8.6 
8.3 
l 1.5 
16.6 
S .O 
44.3 
12.2 
1.36 
0.6S 
1.85 
7.87 
0.74 
0.95 
0.80 
2 .90 
2.17 
1 .43 
0.19 
2 .03 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 
2 .68 
3.88 
6.06 
2 .49 
l.99 
2 .04 
2 .04 
4.70 
7.8S 
1.89 
2 .44 
2 .20 
2.16 
2.89 
8.79 
1 .CO 
4.02 
1.92 
4.21 
2 .68 
1 0.08 
l.17 
4.39 
2.38 
* I M; white fish meal diet, SBM; defatted soybean meal diet, MPF; malt protein 
fiour diet, CGM; corn gluten meal diet. 
* 2 Same as in the previous paper (Y, arnamoto et al, 1997). 
* 3 Per 100g of diet: proline; 177mg, alanine; Il6mg, and IMP･2Na; 207mg (Shimeno et al. 1993). 
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Abstract 
Apparent and true availabilities of amino acids from white fish meal 
(FM), defatted soybean meal (SBM), malt protein flour (MPF), corn gluten 
meai (CGM), extruded SBM (EXSBM), and extruded MPF (EXMPF), were 
deternxined by an indirect method for fingerling rainbow trout 
Oncorhynchus mykiss, common carp Cyprinus carpio, and red sea bream 
Pagrus major. 
Apparent protein digestibilities (APD) of FM (89 to 949~0), SBM (90 to 939~o), 
and MPF (81 to 84%) were almost identicai in the three species tested. 
However, the APD of CGM in carp (76%) and bream (79%) were lower than 
that in trout (95%). Individual apparent amino acid availabilities (~~A) 
approximated the APD. The APD of EXSBM and EXMPF were 2 to 4% higher 
than the unextruded SBM and MPF, respectively, without any negative 
infiuences on individual ,~LA. This finding suggests that the extrusion 
processing is an effective method to improve availabilities of amino acids 
in SBM and MPF. On the other hand, relatively large differences were 
recognized between the true amino acid availabilities (TA~A) and the A~aL 
among certain amino acids. Thus determination of TMA may be necessary 
for more accurate and economicai feed formulation. 
Key words: alternative protein sources, amino acid availability, Cyprinus 
carpio, extrusion processing, Oncorhynchus mykiss, Pagrus major, protein 
digestibility 
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In formulating fish feed by incorporating multiple protein sources, 
information on not only protein digestibility but also individual anxino acid 
availability vaiues is useful to more accurately meet the amino acid 
requirements of fish. Thus we have previously reported the apparent 
protein digestibility and anrino acid availabilities of several protein sources 
for rainbow trout Oncorhynchus mykissl) and Japanese fiounder 
Paralichthys olivaceus.2) On the other hand, the necessity of determining 
true amino acid availability, taking into account the metabolic fecal anrino 
acids, was emphasized in severai reports for reiatively low protein content 
ingredients such as plant sources,3~6) due to relatively large difference 
between apparent and true amino acid availabilities. True amino acid 
availabilities for severai feed ingredients have been compared in channel 
catfish lctalurus punctatus,3) common carp Cyprinus carpio,*) Atlantic 
saimon Salmo salar,5) and yellowtail Seriola q uinq ueradiata.e) 
The results of our previous studies indicated that the digestibilities of the 
plant proteins for Japanese fiounder,2) especially corn gluten meai (CGM) 
protein, were lower than those for rainbow trout.1) This finding is in 
agreement with the study of Masumoto et al.6) who reported a low CGM 
protein digestibility (50% in apparent vaiue) in yellowtail. Moreover, the 
optimal substitution level of fish meal protein by malt protein flour (MPF) 
protein was found to be higher in rainbow trout (40%),7) common carp 
(409~o),8) and red sea bream Pagrus major (30910),9) than in highly 
carnivorous marine fish species such as flounder (20%)io) and yellowtail 
(209~0).11) Among these fish species, however, Iittie attention has been paid 
to protein digestibility and amino acid availability for feed ingredients of 
red sea bream. In common carp, although Hossain and Jauncey4) have 
aiready determined the true amiuo acid availabilities of several feed 
ingredients, most of the ingredients tested are not commonly available in 
Japan. Accordingly, aJnino acid availability values for common feed 
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ingredients in Japan such as defatted soybean meal ( SBM) and GGM should 
be determined for common carp and red sea bream. 
Recent studies have revealed that appropriate extrusion processing of 
plant sources can improve not only carbohydrate digestibility but aiso 
protein digestibility.12-14) Overheating of a protein during extrusion 
processing might cause the loss of arrrino acids by oxidationi5) and decreases 
the availability of some amino acids such as lysine through the Maillard 
reaction.12.13) However, precise examination of the extrusion processing on 
amino acid availabilities of plant- proteins has not been conducted in firsh 
f eeds.16) 
Therefore, in this study we determined the apparent and true 
availabilities of amino acids from several protein sources for fingerling 
common carp, red sea bream, and also rainbow trout for which only 
apparent values were determined in our previous study.1) To elucidate the 
influence of extrusion processing on amino acid availability of proteins, 
extruded SBM (EXSBM) and extruded MPF (EXMPF) were also evaiuated in 
addition to white fish meal (FM), SBM, MPF, and CGM that were tested in our 
previous studies of troutl) and fl014nder.2) 
Materials and M~thods 
Experimen tal Diets 
The proxtrnate and anrino acid compositions of the test protein sources are 
given in Table l. FM was produced by Emeraid Seafoods Inc., USA, SBM by 
Showa Sangyo Co. Ltd., Japan, MPF by Kirin Brewery Co. Ltd., Japan, and 
GGM by Nippon Corn Starch Co. Ltd., Japan. The extrusion conditions for 
SBM and MPF are given in Table 2 . The ingredients and proximate 
compositions of the experimentai diets are given in Table 3 . The six diets 
were formulated so as to contain one of the protein sources and to provide a 
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diet of approximately 3 50/0 crude protein. For estimating true availability 
values, a protein-free diet was aiso prepared to determine the metabolic 
fecal nitrogen content and amino acid composition. Pollock visceral oil was 
added to adjust the crude fat level of the diets to approximately 1 59~0 for 
rainbow trout and red sea bream, and 100/0 for carp. Chromic oxide was 
included as an inert reference substance to determine the digestibility of 
protein and the availability of amino acids. In the diets for red sea bream, 
the same feeding stimulant as we used for Japanese flounder2) was aiso 
included to enhance feed intake because the experimental fish did not 
accept even the FM diet without the feeding stimulant. These ingredients 
were thoroughly mixed and made into pellets according to the method 
described previously.1) 
Fish and Feeding Procedures 
Fingerling rainbow trout were transferred from the Shiga Prefectural 
Samegai Trout Farm and conunon carp from the Gunma Prefectural 
Fisheries Experimental Station, to the Inland Station of the Nationai 
Research Institute of Aquaculture. Fingerling red sea bream were 
transferred from the Mie Prefectural Fish Farming Center (Hamajima) to 
the Coastai Station of the Nationai Research Institute of Aquaculture. All 
these fish were reared for several months with commerciai feeds in the 
same manner as described previously.1, 8, 9) Then, forty fish of a siJQlilar size 
(rainbow trout; 13.8~ 1.6g, common carp; 15.4t2.1g, and red sea breaJn; 
20.9~2.6g) were selected and allotted to I of 6 conical tanks (each holding 
about 501 of water) for fecal collection (Fig. l). Temperature-regulated well 
water (rainbow trout; 15･C, carp; 25･C) and sea water (red sea bream; 20'C) 
was continuously supplied to each tank at a fiow rate of 21 per min. The 
tank system was slightly modified from the previous one used for Japanese 
flounder (see Yamamoto et al.2)) and from the system of Watanabe et ai;7) 
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for yellowtail. For more efficient fecal collection, a modification was made 
above the fecal trap column where a by-pass for draining water from the 
bottom of the tank was instailed. Before the start of fecal collection, the 
amount of water drained through the by-pass during fecal collection was 
adjusted by the 2nd valve. The 2nd vaive was adjusted so as not to drajn the 
feces out through the by-pass. Th_ e feeding and the fecai collection were 
carried out in the same manner as the previous study for rainbow trout,1) 
Each diet was fed to satiation to duplicate groups twice per day for rainbow 
trout and carp, and once per day for red sea bream. Over the period of five 
days, the feces were sampled immediately prior to the next feeding, pooled, 
and stored at -20'C. Two pooled fecai saJnples for each of the seven 
experimental diets (six protein diets and one protein-free diet) were freeze-
dried . 
Analytical Methods 
All chemical analyses and determination of apparent availability 
(digestibility) values were carried out as previous described.1) True amino 
acid availability ( TA~) was calculated using the following formula of 
Kim:18) 
Fecai AA (%) * Dietary Cr2C!~ (%) MFAA (g) 
Dietary M (%) x Fecal Cr2Q; (%) Dietary AA (%) 
Where, M (o/o) is an anaino acid content in each diet or feces, and MFAA (g) 
is a metabolic fecal amino ~cid content per 100g of the protein-free diet. 
True tryptophan availability could not be determined due to the tryptophan 
content being too low in the feces from the protein-free diet. We did not 
carry out any specific correction of the availability values of alanine and 
proline supplemented as the feeding stimulant because we found in the 
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previous study that such a correction was inconsequentiai unless the 
protein digestibility is extremely low.2) 
All the data for apparent or true values of protein digestibility and amjno 
acid availabilities among the six ptotein sources were compared using a 
one-way analysis of variance procedure, and differences among treatment 
means were assessed by Duncan's new multiple range testl9) at a probability 
level of 0.0S. 
Results 
Metabolic Fecal Nitrogen and Amino Acid Composition 
The metabolic fecal nitrogen content and amino acid composition 
deternrined by feeding protein-free diets are given in Table 4. The 
metabolic fecal nitrogen content from red sea bream was approximately 
twice higher than those from rainbow trout and carp. However, the arnino 
acid profiles of the feces for these three species, expressed as g per 100g 
amino acid, were similar. 
Amino Acid Availability for Rainbow Trout 
Apparent and true amino acid availabilities of the protein sources for 
rainbow trout are shown in Tables 5 and 6, respectively. Apparent protein 
digestibilities (APD) of FM, SBM, and CGM were similar (p>0.05) at 93 to 95%, 
and that of MPF was significantly lower (8496) (p<0.05) than the above three 
ingredients. Extrusion processing of SB~4 and MPF slightly but 
significantly improved the APD (p~0.05) by 3.5 and 2.6%, respectively. The 
true protein digestibility (TPD) of each protein source was about 1.4% 
higher than the APD. 
Individual apparent amino acid availabilities ( ~~) within each 
protein source were similar and approximated the APD. Although the APD 
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of FM, SBM, and CGM did not differ with each other, some AAM of SBM were 
significantly lower (p<0.05) than those of FM. Extrusion processing 
significantly increased most of the AMA (p<0.05) compared with those of 
the unextruded ones, and no negative influence of the extrusion processing 
was observed on the ~~A. Although the true lysine availability of CGM 
was 2.8% higher than the apparent value, the differences between TAAA 
and AAM of an amino acid were generaily as small as those observed 
between the TPD and the APD. There was littie difference in the average 
vaiues between the essential and the non-essentiai amino acid 
availabilities. 
~nino Acid AvailabiliOl for Comlnon Calp 
Apparent and true amino acid availabilities of the protein sources for 
common carp are shown in Tables 7 and 8, respectively. APD was high at 
around 90% in FM and SBM, inte,mediate in MPF (849~0), and the lowest in 
CGM (769~0). Extrusion processing of SBM significantiy increased the APD 
(p<0.05) by 4.0%, but the effect on MPF ( 1.7% improvement) was not 
significant (p>0.05 ). The TPD were about 1.9% higher than the APD. 
Individuai ~~A within a protein source were similar and approximated 
the APD. Extrusion processing significantiy increased most of the A~A 
for SBM and even some of the ,~~ for MPF (p<0.05), and no negative 
infiuence of the extrusion processing was observed on the individual 
MAA. Although the APD of FM was not significantly different (p>0O5) 
from that of SBM, some MM of F~,i were significantiy lower (p<0.0S) than 
those of SBM. The differences between T~~ and A~ were as smail as 
those observed between the TPD and the APD, however, relatively large 
differences were noted for several amino acids such as lysine in CGM (4.69~0) 
and threonine in EXMPF (3.496). 
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Amjno Acid Availabiliel for Red Sea Bream 
Apparent and true amino acid availabilities of the protein sources for red 
sea bream are shown in Tables 9 and lO, respectively. The APD of the 
protein sources were similar to those observed for common carp. Namely, 
the APD was the highest in FM and SBM (93 and 92%, respectively), 
intermediate in MPF (819~0), and the lowest in CGM (799~o). Extrusion 
processing slightly but significantly improved the APD of both SBM and 
MPF (p<0.05) by 2.1 and 2.0%, respectively. The TPD of a protein source was 
about 3.596 higher than the APD, and the differences between the TPD and 
the APD were larger than those for rainbow trout and common carp. 
Although individual AA~ within each protein source approximated the 
APD, some amino acids such as glycine in MPF and CGM showed notably 
lower values than the average availability of total amino acids. The APD of 
FM and SBM were similar (p>0.05), however, some A~~ of SBM were 
significantly lower (p<0.05) than those of FM. Although significant 
improvement (p<0.05) by the extrusion processing was observed in only 
half of the amino acids in SBM, the processing had no negative influence 
on the individual MM of both SBM and MPF. The differences between 
TA,VL and AAM greatly varied with amino acid, and the true lysine 
availability of CGM was nearly lO% higher than the apparent value. 
Similar large differences between the TAu~ and the ~~A were observed 
for glycine of the plant protein sources. 
Discussion 
Comparative Protein Digestibility by Fish Species 
In general, relatively high APD of fish meal (around 9096) have been 
reported for many fish species.4, 6. 2c~27) In some studies,3. 5, 18) however, 
relatively low fish meai digestibilities (<80%) have been reported due to 
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differences in the processing c.onditions or the quality of the raw materials 
processed. Our amino acid availability studies on rainbow trout, l) Japanese 
flounder,2) common carp, and red sea bream have all exhibited good 
digestibility of the FM protein (APD; >8996). Accordingly, the quaiity of the 
FM used in our previousi' 2) and present studies was proved to be good, and 
all four fish species we have exaJntned so far well digested the FM protein. 
Recent studies of Watanabe et al.27) for freshwater fish species and 
Masumoto et al.6) for yellowtail also reported high APD of fish meals (>89%). 
In the reports of protein digestibility determination, SBM is most 
conunonly evaiuated among alternative protein sources. The reported SBM 
protein digestibility values vary among fish species3, 6. 2c~2+, 27-29) and even in 
rainbow trout, the APD vary from 6828) to 96%.22) Through the studies that 
revealed the processing conditions of SBM greatiy affect the protein 
digestibility,30, 31) the quality of SBM commonly available in recent years 
seems good. Watanabe et al.27) reported high APD of commercially available 
SBM in several freshwater species including rainbow trout and common 
carp. In our studies. SBM is also well digested by rainbow trout, common 
carp, and red sea bream (APD; >90%), but was not by Japanese flounder 
(80%).2) On the other hand, Kikuchi et al.32) reported that SBM could replace 
no less than 5 09~0 of FM in fiounder diets supplemented with crystalline 
essential arnino acids. Masumoto et al.6) also reported that the APD of full-
fat soybean meal was only 830/0 but the TPD was estimated as 90%. 
Therefore, the SBM protein digestibility for fiounder should be reevaluated 
taking account of the metabolic fecai nitrogen. 
Although the digestibilities are lower than SBM, MPF also shows a similar 
trend like SBM in protein digestibilities by the fish species tested, i.e., the 
APD of MPF for rainbow trout, c~rp, and red sea bream are almost identicai 
at 80 to 859~0, while that for flounder was lower (69%).2) This trend observed 
in the APD of MPF seems consistent with the optimal substitution levels of 
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FM by MPF for rainbow trout (40%),7) common carp (409~o),8) red sea bream 
(309~o) ,9) and Japanese fiounder (20010),lo) 
By contrast, the digestibilities of CGM protein greatiy vary with fish 
species. In this study, only rainbOw trout digested the CGM protein well 
(APD; 959~o), with carp and red sea bream less capable of digesting this 
protein (APD; 76 to 7996). Japanese flounder (APD; 429~*)2) and yeuoutail 
(APD; 50%)') were much less able to digest the CGM protein. On the other 
hand. Pongmaneerat and Watanabe33) reported a much higher CGM protein 
digestibility for carp (APD; 94 to 97%) using diets containing CGM as the 
sole protein source at 22･C. Watanabe et al.27) demonstrated that the APD of 
CGM protein depends on the water temperature for severai freshwater 
species and the vaiue changed from 820/0 at 15･C to 93% at 25･C for carp. 
Although the reason for the variation of the CGM digestibility between fish 
species and even within the same fish species is not clear at present, 
careful examination of CGM protein digestibility should be carried out in 
formulating practical fish feeds.' 
These findings suggest that red sea bream digest the plant proteins (SBM, 
MPF, and CGM) much better than Japanese fiounder. In this study, we 
found that the protein digestibilities of FM, SBM, and MPF among rainbow 
trout, carp, and red sea bream are almost identical, while the digestibilities 
of GGM protein greatly vary with the fish species. 
Determination of True Amino Acid Availability 
The metabolic fecal nitrogen content from rainbow trout deterrnined in 
this study (8lmg/lOOg diet) is within the range determined by Nose (50 to 
150mg).2*) That from carp ( I I In~g) is higher than the value of Kim 
(87mg)ig) but is lower than Ogino et al. (144 to 180mg).s*) On the other hand, 
the metabolic fecal nitrogen content from red sea bream (206mg) is higher 
than the other two species in this study. In the red sea bream diets, we 
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included a feeding stimulant containing aianine and proline to enhance 
fish feed intake. Although the metabolic fecal alanine and proline 
contents are higher in red sea bream than the other two species, the 
percentages of these amino acids in the total amino acids are similar among 
the three species (Table 4). This means that the supplemental alanine and 
proline are highly absorbed.35, 3*~) Since Takii et al.37. 38) reported that the 
inclusion of a feeding stimulant in diets promoted digestion and metabolism 
of nutrients in the eel Anguilla japonica, higher level of digestive enzymes 
might have been secreted and included in the feces from the protein-free 
diet for red sea bream in this study. Further precise examination is 
necessary to clarify the influence of a feeding stimulant on the metabolic 
fecal nitrogen and dietary protein digestibility. 
In this study, statisticai differences were not detected between the 
protein digestibilities of FM and SBM in the three species. In carp, 
however, availabilities of some amino acids in SBM are significantly higher 
than in FM. In rainbow trout and red sea bream, availabilities of some 
anilno acids in SBM are significantly lower than in FM. These findings 
suggest that amino acid availability values are more accurate than the 
protein digestibility values to compare the protein quality of feed 
ingredients. 
Due to the large variation of anrino acid availability vaiues within a 
protein source, the necessity to determine individual amino acid 
availabilities, especially true availabilities for relatively low protein 
ingredients such as plant protein sources, has been emphasized in several 
reports.3~6) Although the differences between TPD and APD are small ( 1.3 to 
3.69~0) in this study, and we did not find such a large variation within 
individuai amino acid availabilities, the differences between individual 
TMA and MM of several amino acids are notably larger than the 
difference between the APD and the TPD. Among them, the true lysine 
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availabilities of CGM in carp and red sea bream and the true glycine 
availabilities of the plant proteins in red sea bream are markedly higher 
than the apparent values. In threonine availabilities of MPF and CGM, 
relatively large differences betweeri the AA~ and the TMA are also 
observed as compared with other essentiai amino acids. These amino acids 
are relatively low in the protein source(s) compared with relatively high 
contents in the metabolic feces. Lysine is the most linriting amino acid in 
CGM so the lysine availability of CGM should be accurately evaluated. In the 
studies of Wilson et al.,3) Anderson et al.,s) and Masumoto et al.,6) similar 
large differences are observed between the apparent and the true lysine 
availabilities of corn or CGM. The differences between TA~ and A~~L for 
methionine, the most limiting ar4ino acid in SBM, however, are small 
compared with those for lysine possibly because the metabolic fecal 
methionine is much lower than lysine. Accordingly, we aiso recognize the 
significance of determining TAM of a protein source with relatively low 
digestibility such as MPF and CGM. 
Extrusion Processing of SBM and MPF 
Several studies have reveaied that extrusion processing of fish feeds or 
feed ingredients improves the digestibility of carbohydrate ( availability of 
energy) mainly due to gelatinization o.f raw starch without improvement in 
dietary protein digestibility.16, 29, 39~2) More precise studies have revealed 
that appropriate extrusion treatnlent also improves digestibility of plant 
proteins in mammaisl2, 13) and of SBM in rainbow trout.14) In the present 
study, treatment of SBM by a twin screw extruder improved the TPD by 2 .O to 
3.9%, so that the SBM protein was aimost completely digested and absorbed 
(TPD; 96 to 98%) by the three spec_ies exatnined. Since extrusion processing 
of SBM is known to partiy denatur"* the protein structure and to inactivate 
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the andnutritional factors such as protease inhibitors in SBM,12, 13) the SBM 
protein might become more digestible by proteolytic enzymes. 
Compared with SBM, the effect of e,(trusion processing on the MPF 
protein digestibility is smaller ( 1.8 to 2.60/0 improvement), and the effect is 
insignificant in the carp diet. As shown in Table 2, the material pressure 
during the extrusion processing of MPF was approximately haif that for 
SBM, possibly due to the high fat content in MPF (Table 1). Thus, the MPF 
protein structure might not have been as denatured as occurred for SBM. 
Although the extrusion processing was accompanied by high 
temperature (Table 2 ) , no negative influence was observed on the 
individual amino acid availabilities. Since the lysine availability is indeed 
improved by the extrusion processing similar to the other amino acids, the 
Maillard reaction is negligible at the extrusion conditions of the present 
study. The MPF protein digestibility for carp was not improved by the 
extrusion processing, however, availabilities of several amino acids in MPF 
were significantly improved. Thus, extrusion processing of plant protein 
sources, especiaily of SBM, is shown to have effect on improving 
digestibility of protein and decreasing the consequentiai excretion of fecal 
nitrogen compounds into surrounding water. Since the improvement of 
the SBM protein digestibility by extrusion processing is generally less than 
5%,12) and the effect of extrusion processing on nutrient digestibilities 
highly depends on the extrusion condition,12-1') one must carefully examine 
an appropriate extrusion condition for individual ingredients. 
In summary, the present study has found that the FM, SBM, and MPF 
protein digestibilities are almost identical in rainbow trout, carp, and red 
sea bream. Extrusion processing is found to be a method to improve protein 
digestibility of SBM and MPF (not necessarily in the case for carp) without 
any negative influence on the amino acid availabilities. Judging from the 
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large variation in the CGM protein digestibility among the fish species. CGM 
protein digestibility should be carefully evaluated for each fish species. We 
found that individual amino acid availabilities are sometimes significantly 
different between two ingredients even when the protein digestibilities of 
the ingredients are the same. In addition, although individual amjno acid 
availabilities of a protein source generally approximate the protein 
digestibility value, the differences between TAA~L and ,~A are large 
among certain anrino acids. Thus we conclude that determination of 
individual true amino acid availabilities may be necessary for more 
accurate evaluation of the nutritional quality of feed ingredients and for 
more economical formulation of practicai fish feeds. 
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25 cm 
45 cm 
J Water inflow 
--,) -H, Drain 
Fig. I . Tank system for fecai collection 
The fish (n=40) were stocked in the conical tank, and were fed on a test 
diet. Uneaten foods were drained from valve I without connection to the 
acrylic colunm. After all uneaten foods were cleaned frorn the system, the 
column was attached so that fecal materials settled into the column. The 
lower part of the column was cooled with crushed ice. 
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Table1．Prox㎞ate　and　amino　acid　compos通ons　ofUle　protein　so肛ces
Prote血sourceWhite　Defatted　Extruded
fish　　　soybean　　defatted
meal　　meal　　soybean
　　　　　　　　　　　　　mea1★1
　Mal 　　Extruded　　Com
pro ein　malt　glute玲
Hour　　protein　　me飢
　　　　　　　flour勅
Prox㎞ate　composition（％）
　Moismre
　Crude　prote血（Nx6。25）
　Cmdefat
　Crude　starch＊2
　Cmdeash
4．0
67．1
7。1
1．4
17。9
9．2
43。4
2．2
18．1
7．1
3．7
47、2
2．0
19．6
7．3
6．6
47．1
11．9
18．7
1．9
7。7
46．4
11．9
18．1
1．8
11．4
65．5
4．1
12．0
0．8
An誠皿o　acid　composiUon（9／1009Protein）
Arginine
HisUd血e
Isoleucine
Leuci皿e
Lysine
Methionine
Cystine
Phenylalani血e
Tyros血e
Threonine
T卿tophan
Valine
Alanine
Asparticacid
Glut鋤c　acid
Glyc血e
Proline
Hydroxypro1血e
Serine
Taurセ1e
6．57
2．47
4．42・
7．9S
8．2S
3。10
1．08
4．03
3。53
4．49
1．17
5．17
6。27
9．60
14．・42
6，44．
4．54
1．31
4．88
0．67
7．01
2．51
4，44
7．63
6．11
1．22
1．48
4．81
3．24
3．60
0．31
4。54
4。26
10．4・3
17．75
4．08
5，26
ND魯3
4，96
N［）
7．05
2．53
4．44
7．61
6．11
1，17
1．55
4．84
3．26
3．89
0．27
4．73
4．39
10。82
18。47
4．10
5．37m
5。22
ND
5．14
2．22
4．39
9．05
3．40
1．83
2。11
5．93
3．69
3．66
0．46
5。70
4。94
6．36
23．47
3．52
11．17m
4．59
ND
5．07
2．18
4．30
8。88
3．37
1．81
2．29
5．83
3．67
3，40
0．43
5．46
4．76
6．15
23，54
3．44
10．77m
4．68m
3．14
1．96
4．22
18．15
1，59
2．19
1．74
6．〔濟
5。42
3．09
0。37
4．61
9．23
5．96
23．31
2。49
10．06
ND
5．77
ND
＊1Processed’from　different　batches　of　rawmaterials　than　the　test　soybean　meal　and　malt
　　protein　flour。
史2Carbohydrate　hydrolyzed　in　boi1血95％HCI　for2h．
禽3　Not　detected．
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T＆ble2．ExUusion　condidons歯
SBM MPF
Feed　rate（kg／h）
Water　lnlection（kg／h）
Steam　inlection（kg／h）
Material　temp。（OC）
Materi＆1ress　bars
110
40
15
145
34
70
40
　8
137
16
魯Tw血screw　extruder（DNDG－62，Buhler　Ltd。，
　　Ge㎝any）was　used．
143
Table3．Ingredients　and　proximate　composition．s　of　the　experimental　diets
Diet＊1 FM　　SBM　　ExSBM　　MPF　ExMPF　CGM　P－free
For　rainbow甘out
　Ingredient（％）
　　Test　prote血source
　　PoUock　visceraユoi1
　　α一Starch
　　Dext血
　　Cenulose
　　Vi伽血mix★2
　　Mineral　mix★2
　　Chro血c　oxide（5096）
50．6・　　75．0
11．0　　　12．3
15．0　　2．7
5．0　　5．0
13．4　　　0
ii§｝5ρ
Pro，dm段te　COmpOSitiOn（％dry　matter）
　Crude　prote血（Nx6．25）　　　36。4　　　36．O
　Crude　fat　　　　　　　　　　　　　　　14．7　　　14．9
73．9
13．4
2．7
5．0
　0
5．0
36．9
15。5
70．4
5．8
13。8
5．0
　0
5．0
36．1
15．0
70．6
5．6
13．8
5．0
　0
5．0
35，5
15．2
49．9
11．9
15．0
5．0
13．2
5。0
　0
15．0
15．0
20．0
45．0
5．0
35，8　　0．3
15．2　　　15．2
For　common　carp
　Ingredie丘t（％）
　　Test　protehl　SourCe
　　Pollock　visceral　oi1
　　α一Starch
　　Dext血
　　Cellulose
　　Vitaminmix歯2
　　距neraユ血X★2
　　NaH2PO4
　　Chro血c　oxide（50％）
50．6　　　75．0
6．1　　7．7
20．0、　　　5．4
5．0　　5．0
11．4　　　0ill69
PrO，dmate　cOmpOSition（％dry　matter）
　Crude　protetn（NLx6．25）　　　375　．　36．4
　Crude　fat　　　　　　　　　　　　　　　　9．5　　　10。0
73。9
8，8
5．4
5．0
　0
6．9
37．5
11．0
70。4
1．1
16．6
5．0
　0
6．9
36．3
10．8
70．6
0。9
16．6
5．0
　0
6．9
35、6
10．2
49．9
7．2
20．0
5．0
11．0
6．9
35．7
9．5
　　0
10．0
20．0
20．0
43。1
6．9
03
9．6
For　red　sea　bream
　Ingredient（％）
　　Test　prote血source
　　Ponock　viscera鼠oi1
　　α一Starch
　　Dext血
　　Cellulose
　　Vitan豆n　n廿x★3
　　Mineral　mix嚢2
　　Chron急ic　oxide（50％）
　　Feeding　sUmu1㎝t輯
50。6　　　75．0
10。0　　　　11．3
14．5　　2．2
5．0　　5．0
13．4　　　01餅
Pro，dmate　composition（96dry　matter）
　Cmde　prote血（Nx6．25）　　　36。8　　37、1
　Crude　fat　　　　　　　　　　　　　14，4　　　14．9
73．9
12．4
2．2
5。0
　0
6．5
37，9
15．6
70．4
4．8
13．3
5．0
　0
6．5
36．6
15．5
70．6
4．6
13．3
5．0
　0
6．5
36．5
15．0
49。9
10．9
14．5
5．0
13．2
6．5
　　O
－14．0
14．5
20。0
45．0
6．5
36．6　　1．1
14。9　　　　15．5
★1FM；white　fish　meal　diet，SBM；soybean　meal　diet，ExSBMl　extruded　soybean　meal　diet，
　　MPFl　maltprote血flour　diet，ExM珊extrudedmaltprote並1flour　diet，CGM；com　gluten
　　meal　diet，P－freel　prote血free　diet。
★2The　same　mixtures　as　in　t血e　previous　paper．11
＊3　sakanloto　eεa1。43，
愛4Per100g　ofdiet：Proline；177mg，alaninel116mg，and　IMP・2Nal207㎎（Yamamoto　e亡a1・21）
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Table4。Metabolic　fecal　nitrogen　and　amino　acid　composition　of　fingerling　rainbow　trout，
　　　　　　　　　　　　　　　　　common　carp，and　red　sea　bream
RainbowぜoutCommoncaΦ Red　sea　bream
Metabolic　fecal　nitrogen
（mg／100g　P－free　diet）
82
Metabolic　feca1副no　a．cids
　　　　　　　　　　　mg／1009
　　　　　　　　　　　P一貨ee　diet嚢1
Arginine
Histid血e
Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Tyros血e
Threonine
T朋）tophan
Valine
10．5
7，1
18，9
20．6
14．8
3，8
9．5
10．7
11．2
24．6
ND＊2
16．0
9／100g　　　mg／1009
an丘no　acid　　P－free　diet
　3．5　　　　14．9
　2，4　　　　9．6
　6．3　　　　33。5
　6．8　　　　33．3
　4．g　　　　26．0
　1．3．　　　　7．8
　3，2　　　　8．4
　3．6　　　　17．9
　3．7　　　　16，7
　8．2　　　33．3
　　　　　　　ND
　5．3　　　　26．7
111
9／1009
am血oacid
　3．3
　2．1
　7．4
　7．3
　5．7
　1。7
　1．9
　3．9
　3．7
　7．3
5．9
206
mg／100g　　g／100g
P－free　diet　　a血o　acid
52．3
23，1
50．7
63．1
47．8
17．7
21．6
32．7
23．1
47．5
M⊃
44．7
5．4
2．4
5．3
6．5
5．0
1．8
2．2
3．4
2。4
4。9
4．6
Alanine
Aspardc　acid
Glu銘皿丘c　acid
Glyc血e
Proline
Hydroxyprohne
Ser血e
Taur血e
15，4
30．3
23．0
15，8
19．O
ND禽
20．6
29，3
5．1
10．1
7．6
5。3
6，3
6．8
9．7
33．3
47。3
57．9
24．3
27．9
ND
25．3
10．4
7．3
10．4
12．7
5．4
6．1
5．6
2，3
75，4
8Z．8
1Z7．0
108，9
69．7
M）
55．1
21．7
7。8
8．6
13．2
11．3
7．2
5．7
23
★1See血e　fooUlote　of　Table3．
禽2　Not　detected。
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TabIe5．Apparent　prote血digesUbility　and　a血no　acid　avai14biliUes　of　the　protein
　　　　　　　　　　　　sources（96）for　fingerling　rainbow　trout
Diet＊1 FM SBM ExSBMMPF ExMPFCGMPooled
SEM＊2
Cr腿de　prote血 93．gc＊393，4c 96．9d 83．5a 86．1b 94．8c 0．51
Essential　and　selni－essentiaユ
　Arginine
　Histidi皿e
　Isoleuc血e
　Leucine
　Lysine
　Methionine
　Cystine
　Phenylalanine
　Tyroshle
　Threonine
　Tryptophan
　Valine
No且一essential
　Alanine
　Aspardc　acid
　Glu㎞c　acid
　Glycj血e
　Prolhle
　Serine
Average　values
　Essential
　Non－essentia1
To副a血o　acid
97．1〔
94．3c
96．1d
96．4d
97．1d
96．6cd
91．4（d
95。8cd
96。4（d
95．3b
93．5b
96．1d
96．3d
92．2b
96．70d
93．7b
95．8d
95．S⊂d
955cd
95．（r
95．4。ゴ
96．5（
95．1c
93。2c
93。1c
95．5c
95．9⊂
90．8c
94。2c
95．1〔
94。Zb
94．Ob
93．gc
94．3c
94．4㍑
95．gc
93．8b
94．（γ
93．5c
94．3c
94。3c
94。3c
98．7d
97，1d
95．8d
97．4d
97．7d
97．5d
93．2喪
98．1e
97。6d
96．5b
94．9b
97．3d
97．1d
97．1d
98．2d
96．1c
96．8d
96．6d
96．8d
97，（罫
96，94
88．2a
82．3a
83．ga
84．7a
83．ga
85．5a
80。5a
87．ga
87．3a
83．4a
、90。3a
86．1a
83．7a
81．8a
89．ga
82，3a
89．ga
84．5a
85．3a
85．3a
85．3a
90．6b
85，8b
86，2b
88、7b
85。5b
90．2b
84．1b
91．4b
90．3b
85，（ヂ
90．7a
88．9b
87，0b
83．3a
92，6b
83．（γ
91．9b
87．Ob
88．1b
87。5b
87，9b
96。2（
95．2（
94．7（d
95，9d
94．7c
96．6cd
94。1e
96．1d
96．6〔d
95。2b
94．3b
95．8d
95．8⊂d
94，7⊂
95．8（
94．3眈
95．7d
95．ocd
95．5（d
95．2cd
95．4⊂d
0．34
0．50
0．55
0．59
0．41
0．37
0．57
0．52
0．47
0．65
0．67
0，48
0．47
0．64
0，51
0，55
0。50
0．67
0．39
0．52
0．43
＊1See　dle　foomote　of　Table3．
＊z　Standard　error　of　the　means。
＊3Values　with　the　sa．me　superscript血the　same　row　are　not　significantly　different（p＞0．05）．
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Table6．True　protein　digesUb韮iΨand　a血no　acid　availabih脈es　of血e　prote血sources（％）
　　　　　　　　　　　　　　　　for　fingerling　rainbow　trout
Diet★1 FM SBM 1…xSBM MPF ExMPFCGM Pooled
SEM＊2
Crude　prote血95．3c魯394。8c 98．2d 84。ga 87．5b 96．2⊂ 0．51
Essential　and　sen血一essentia1
　Arginine
　Histidhle
　Isoleucine
　Leucine
　Lys血e
　Methionine
　Cyst血e
　Phenylalanine
　Tyros血e
　Threonine
　T叡ptophIm
　Va1血e
Non・essentiaLl
　Alanhle
　Aspartic　acid
　Glu剛c　acid
　Glyc血e
　Proline
　Serine
Average　values
　Essential
　Non昌essentia1
To趾an血ユo　acid
97．5c
95．2c
973d
97．5d
97．6cd
97．（γd
93．8cd
96．6（
97．4cd
96．9㍑
ND糾
97．び
96．9畠
93．2b
97．1cd
94．5b
97．び
96．6cd
96．6d
95．gcd
96．4cd
96，gc
95ヤgc
94。2c
93．8c
96。1c
96．7c
92，5c
94．8c
95．9c
95．8b
ND
94．8c
95，2〔
95．1版
96．2c
94．8b
94．9C
94．5c
95．2c
95．1c
95。2c
99，1d
97．9d
96．9d
98．1d
98．4d
98．4d
95．（ド
98，7d
985d
98．2c
ND
98．2d
98，1e
97，8d
98．5d
97．1c
97．8直
97．8d
98．（メ
97．9d
97。9d
88．8a
83．2a
85，1a
85．3a
85．1目
86．1a
81．7a
88．4a
88．2a
8S．4a
ND
86．ga
845a
83．1a
90．2a
83．5a
90．3a
85．7a
85．8a
86．2a
86。oa
91．1b
86．7b
87．4b
89。4b
86，8b
90。7b
84．8b
92．Ob
91．2b
87．oa
ND
89．6b
87．9b
84．7a
92．9b
84．3a
gZ．4b
88。3b
88。8b
88．4b
88，7b
97．3c
96．3国
96．（γd
96．2d
975cd
97．1cd
95。7d
96．6c
97，3cd
97．2bc
ND
96．7d
96．2（d
96．1〔d
96．1c
96．0脱
96。3cd
96．1cd
96，7d
96．1cd
96．50d
0．34
0．50
0．55
0．59
0．41
0．37
0．65
0。52
0．47
0．65
0。48
0．47
0．64
0．51
0．55
0．50
0．67
0．41
0．51
0．44
＊1曹3See血e　foomote　of　Table5．
嚢4 Not　detern血ed．
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Table7．ApPa∫ent　protein　digesdbihty　and　a血o　acid　availabiHdes　of血e　protein
　　　　　　　　　sources（％）for　fingerling　co㎜on　ca』rp
Diet受1 FM SBM ExSBMMPF ExMPFCGM Pooled
SEM★2
Crudeprotein　　88．8〔d＊3
Essential　and　se血一essentia1
　Arginine
　Histidine
　ISOleucine
　Leucine
　Lysine
　Methionine
　Cyst血e
　Phenylalanine
　Tyros血e
　Threonine
　Tryptophan
　Vahne
Non－essentiaユ
　Alanine
　Aspa∫tic　acid
　Glu腕血c　acid
　Glyc血e
　Proline
　Serine
Average　values
　Essential
　Non－essential
　Tot釦a血no　acid
93．4（
89．5⊂
89。3cd
90．9⊂
92。7b
90．80a
885b
89．7b
91．1cd
89．9血
91．8（
89．gc
90．3c
86。5c
91．2b
88．4c
89．3b
88．5c
90。6c
89。（｝
90．1c
90．3
95．84
92．（戸
90．3d
92．2c
92．6b
91。2d
88．Ob
93。3c
92．1d
87．10¢
90．8〔
89．8c
90．7c
92．α1
94，8c
87．2c
92．1c
92。（罫
91．3c
915c
91．3c
94。3e
97．8e
95。3e
93．ge
95．4d
95．sc
95．1e
92，1c
96．6d
95．1e
93。5e
92．6c
94．2d
94。（P
95，2d
97．1c
92．3d
95．Od
94。6e
94．8d
94．7d
94。7d
84．1b
88．Ob
81．7ab
84．8b
86。Ob
82．5a
85．8b
80．8a
88．6b
87．3b
82．4b
84．3a
84．8b
83．3b
80．6b
90．1b
78。8ab
89．1b
82．9b
84．8b
84．1b
84．5b
85．8比
89．8b
83．5b
86．5比
87．6b
84．（戸
87．7玩
86．4b
89．8b
88．7眈
84．9比
87．8b
86．4b
83．5b
83．1b
91，7b
81．4b
89．9批
84．1b
86．9b
85．6b
86．5b
76．2a
83．ga
80．5a
773a
78．7a
84．6a
815a
80．（F
79．8a
81．5a
76．2a
82．ga
77，7a
77．8a
75．4a
78．1a
76。ga
77．8a
77，7a
80．4a
77．3a
79．3日
0．87
0．55
0．70
0．82
0．85
0．58
0．92
0．98
0．74
0．75
1．30
0．75
0。94
0．91
0。95
0。74
0．87
0．77
0。72
0，77
0．76
0。76
★1－3See山e　fooUlote　of　Table5．
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Table8。True　protei且digesUbihty　and　an廿no　acid　a』vailabilides　of血e　protein　sources（％）
　　　　　　　　　　　　　　　　　　for　fingerling　commOn　carp
Diet＊1 FM SBM ExSBMMPF 1…xMPF CGM Pooled
SEM喪2
Crude　prote血90．6cd 92。2d 96．1e 86．Ob 87．8k 78．1a 0．87
Essential　and　Se血一essendal
　Arginine
　Histidhle
　ISOleUC血e
　Leucine
　Lysine
　Methionine
　Cystine
　Phe皿ylala簸ine
　Tyros血e
　Threon血e
　Tりptophan
　Valine
Non－essential
　Alanine
　Aspartic　acid
　Glu㎞c　acid
　Glyc㎞しe
　Proline
　Serine
Average　values
　Essential
　Non－essentia1
Total　an豆no　acid
94，1d
90。7c
91。4cd
92．（ト
93．6c
91．6cd
90．0腹
91．Ob
92．5⊂d
92．困
ND＊4
91．4c
91。8〔
88．oc
92，3b
89．5c
91．1娩
90．（γ
91．8ζ
90。4c
91．3⊂
96．4e
93．1c
92．3d
93．ヂc
93．7c
92．8d
89．3b
94．3（
93，4d
89．9眈
M）
91．4c
92．8c
93。3d
95。7c
89．（γ
93．6（
93．2d
92．7c
92．gc
92．8c
98．4f
96．4d
、95．8e
96．6d
96．6d
96．8e
93．4c
97．6d
96，5ε
95，8d
ND
95．9d
96．1d
96．4d
98．（r
94．（罫
96．5d
95．ge
96。4d
96．2d
96．3d
88．8b
82．gab
87．Ob
87．Ob
84．7a
87．Ob
81．7a
89．4b
88。6b
85．2b
ND
86．2b
85．3b
82．7b
90，8b
80．8a
89．8b
84．4b
86．2b
85。6b
86，0b
90．gc
85．3b
89．1媛
89．Ob
86．7a
89．2眈
87．7b
90．9b
90．3眈
88．3k
ND
88。3媛
86．Ob
85．8腹
92．7b
84．1b
90．9㍑
86．1b
88。7b
87．6b
88。3b
85．3a
81．ga
79。5a
79．2a
89．2b
82．5a
81．3a
80。6a
82．5a
79．1a
ND
79．5a
78．8a
77．8a
78，8a
79，ga
78．6a
79．oa
81．ga
78，8a
80．8a
0．55
0．70
0．82
0．86
0．58
0．92
0．98
0．74
0．75
1．30
0．94
0．91
0．95
0．74
0．87
0．77
0．72
0．79
0．76
0．77
嚢14See　dle　fooロ10te　of　Table6．
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Table9・ApPaぼent　protein　di3es廿b皿ity鋤d　aπ亘no　acid　avaUabihdes　of　dle　protein
　　　　　　　　　　　　sources（％）for　fingerling　red　sea　bream
Diet＊1 FM SBM ExSBMMPF ExMPFCGM Pooled
SEM★2
Crude　protehユ　　　　　　　92．9de脅3
Essential　and　se血。essen廿a1
　Arginine
　Histidhle
　Isoleucine
　Leucine
　Lysine
　Methiolline
　Cystine
　Phenylalanine
　Tyrosine
　Threonine
　Tryptophan
　Valine
Non－essentiaI
　Alanine
　Aspεurdc　acid
　Glu㎞c　acid
　Glyc血e
　Proline
　Ser血e
Average　values
　Essential
　Non－essential
　Total　a∬丘no　acid
96．2d
94．4c
93。8e
95．1f
96．3c
96．（戸
90。1（
94．6e
94．2d
94．8e
92．gc
95。1e
94．6d
94。5c
95。4d
94．4d
95．（γd
94，2d
94，5e
94．7e
94．5e
2．4d
95．6d、
93．6c
88，7d
90．6d
94．2c
93．3ぐ
92．（r
gZ。1d
93．7d
92，（罫
88．8b
91．3d
92．（γ
94．（γ
95．1d
89，3〔
93、6⊂
92．2c
92，2d
92．7d
9Z，3d
94．5e
97．5d
95．4c
90．2d
93．4e
96．4c
94・。1c
92．墜
95．2e
95。4e
93．4鯉
89。5bc
94．4e
935cd
96．1d
97．2e
91．gcd
95．4d
94．5d
94。（r
94．8e
94．2e
81。3b
83．4b
77．1a
79。4b
83．7b
76．3a
84．6b
76。ga
86．8b
84．5b
76．2b
81．ga
81．6b
81．2a
73。（ア
88．3b
70，2a
90．3り
81．1a
81．Ob
80．7b
80。9b
83．3c
86，7c
81．1b
81，8c
86。3c
79．7b
85．3b
80，5b
88．7c
87．1c
81．3c
86．7b
85，3⊂
85．1b
77．7b
90．5c
78．2b
915b
83．7b
84．2c
84．4c
84．3c
78．7a
80．1a
78．5a
75・4a
78．4a
77．6ab
79。5a
80．8b
78．4a
80．1a
73．6a
875b
77．4a
79．7a
73．7a
78．7日
70．ga
81．2a
79，8a
78．ga
77．3a
78．4a
0．53
0．70
0．76
0．51
0．37
0．88
0．56
0．95
0．38
0．31
0．70
1．02
0．39
0．51
0．44
0．30
1，04
0．41
0．42
0，43
0．44
0．42
歯1－3See　the　foomote　of　Table5．
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Table10．True　protein　digesdb糞1ity　and　a血no＆cid　availabi五des　of血e　protein　sources
　　　　　　　　　（％）for　fingerling　red　sea　bream
Diet★1 FM SBM ExSBMMPF ExMPFCGM Pooled
SEM＊2
Crude　protein96．4鰍3 95．9d 97．ge 84．8b 86．gc 82．2a 0．53
Essentia1訊nd　se血一essentia1
　Arginine
　Ristid血e
　Isoleuchle
　Leucine
　Lysine
　Methionine
　Cystine
　Phenylalanine
　TyrOS血e
　Threonine
　T卯toph飢
　Valine
Non－essentia．1
　Alanine
　Aspartic　acid
　Glu鵬c　acid
　Glyc血e
　Proline
　Se灯ne
Average　values
　Essential
　Non－esse益tia1
To切aπ豆no　acid
98．5c
97．（P
97．1e
97．3f
98。（P
97．6‘
95．7c
96．ge
96．3d
98，（γ
ND麟
97．5e
97．7d
96。9d
97．9d
99，2c
98，9d
97，3e
97，3e
98．oe
975e
97．7（
96．1d
91．94
92．9d
96．4d
97．3c
95．gc
94．（戸
95．7d
95．6c
m
94．1d
96．2d
96．3c
97．（戸
96。穿
96．6c
94．9d
95．2d
96．3d
95．6d
99．6（
97．9d
93。4d
95。8e
98．7d
98。3c
96．gc
97。1e
97．4e
97．1c
ND
97．1e
97．9d
98．4d
99。2e
99，4C
98．7d
97．3e
97．2e
98．5e
97．7e
86．4a
80．2a
82．8b
85。8b
80．7a
87．4b
79．5a
88．5b
86．3b
80．7a
ND
84．1b
85．2b
77．5a
89．9b
80．4a
91．8b
84．1b
83．9b
84．8b
84．Zb
89．6b
84。1c
85。2c
88。4c
84．Ob
88．1b
82．9b
90．3c
89．（γ
85．5b
ND
87，7c
89．（γ
81。8b
92．1c
86．4b
93．1b
86．9⊂
86．8〔
88，zc
87．3c
85．5a
82．3b
79．2a
79．5a
87。3⊂
82．2a
84．2b
80．oa
81．6a
78．6a
ND
80，5a
82．1a
78．4a
80．4a
85．3b
83。1a
82．5a
81．ga
82。（罫
81．ga
0．70
0。54
0．52
0．37
0．88
0．55
0．95
0．38
0．31
0．70
0。39
0．50
0．44
0．30
1．00
0．41
0．42
0．42
0．44
0．42
★14See血e　fooulote　of　Table6．
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( T. Yamamoto, T. Unuma, and T. Akiyama : Postprandial changes in plasma 
free amino acid concentrations of rainbow trout fed on diets containing 
different protein sources. !isheries Sci. (~::~~:rP). ) 
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要　約
　第1章，第2章の第1節の試験2，および第3章の第3節の一部では，魚粉代替原
料配合飼料のアミノ酸バランス費改善する目的で，飼料へ結晶アミノ酸を補足した。
第1章では結晶アミノ酸を補足し奉い飼料区を設けていないため，アミノ酸補足効果
の有無は明確ではないが，第2章のニジマス稚魚および第3章のコィ稚魚では，魚粉
の60％を麦芽タンパク質により置換した飼料に対し，魚粉をタンパク質源とする対
照飼料の必須アミノ酸含量を満たす量の結晶アミ．ノ酸を補足することにより，タンパ
ク質の利用効率が向上し，対照飼料と遜色のない増重率や飼料効率にまで改善された。
しかしながら第2章のニジマスにおいては，魚粉の80％以上を置換した麦芽タンパ
ク質配合飼料に対するアミノ酸の補足効果はほとんど認められなかった。比較的少量
の魚粉を大豆油粕等の代替原料で置換した飼料へのアミノ酸補足効果を認めている
報告がある一方，1『7）本研究のように対照飼料の魚粉配合率が高く，その多くを代替
原料で置換した場合にはアミノ酸を補足してもある程度の効果は認められるものの，
魚粉主体飼料の成長や飼料効率までには改善されないという報告も多い。8’13飼料
に添加した結晶アミノ酸の利用性が劣る原因として，結晶アミノ酸は消化管から速や
かに吸収されるために，魚体のタンパク質合成のために効率的に利用されずに分解さ
れたり排泄されてしまうこと14－1曾や，飼料中から飼育水中へ溶出してしまうこと19
等が示唆されている。一方，コイ稚魚においては補足するアミノ酸をカゼインにより
被覆した飼料で良好な飼育成績を得たという報告がある。鯉　その要因としては，ア
ミノ酸の被覆により結晶アミノ酸の吸収が遅くなったのではなく，血漿中の遊離アミ
ノ酸のバランスが改善されたことによると推察されている。21）いずれにせよ，飼料
中からのアミノ酸の吸収のタイミングとそのバランスが，吸収されたアミノ酸が効率
良く体タンパク質に合成されるかエネルギーとして分解されるかを左右すると考え
られる。
　本研究では，原料の適切な比率での配合が飼料タンパク質の栄養価向上に重要であ
ることを明らかにしたが，第4章の第1節のように複数の魚粉代替原料をバランス良
く配合して多量の魚粉を置換し，必要によっては不足すると考えられる必須アミノ酸
153
を結晶体で補足した場合でも，前述の様に魚粉主体飼料ほどの増重率や飼料効率が得
られないことがある。その原因として，代替原料から除去されていない抗栄養因子の
影響，複数の原料をバランス良く併用しても要求量に比べ必須アミノ酸がなお不足し
ていること，および前述したように補足した結晶アミノ酸の利用性が劣ること等が考
えられる。また，原料を併用して飼料のアミノ酸バランスを改善するためには，原料
のアミノ酸の分析値ではなく，実際に魚によって消化吸収されるアミノ酸の種類と量
に基づき配合比率を決定し，必要な場合は結晶アミノ酸を補足すべきであると考えら
れたため，前章では各種原料Φタンパク質およびアミノ酸の消化吸収率を明らかにし
た。それらの要因に加え，複数の原料をバランス良い比率で配合した場合でも，飼料
中の結晶体のアミノ酸とタンパク質のアミノ酸の吸収のタイミングが異なるように，
飼料に配合した各原料タンパク質のアミノ酸が吸収されるタイミングに差が生じれ
ば，血漿中の遊離アミノ酸にインバランスを生じ，結果的に成長や飼料効率の低下に
つながることが考えられる。飼料原料の種類の違いによるアミノ酸の吸収に関しては，
カゼイン等のタンパク質を主体とする飼料と，結晶アミノ酸を多量に含む飼料との比
較については報告されているが，14｝1ス21）　実用飼料原料の種類による比較はほとんど
なされていない。22⑳
　本章では，各種原料からのアミノ酸の吸収特性を解明するため，魚粉，大豆油粕ま
たは麦芽タンパク質を単一のタンパク質源とする飼料（粗タンパク質35％，粗脂肪
15％）を平均体重63gのニジマス幼魚に水温15℃の下で飽食量給与し，血漿遊離ア
ミノ酸の濃度の推移を比較した。採血は，飼料給与後3時間おきに24時間目までと，
48時間目に各飼料区から4尾ずつ行い，個体別に血漿中の遊離アミノ酸組成を分析
した。
　その結果，魚粉飼料を給与したニジマスでは給餌後12時間前後に血漿遊離アミノ
酸濃度が最大値に達したのに対し，大豆油粕または麦芽タンパク質配合飼料を給与し
たニジマスでは給餌後21時間前後に最大値に達した。その原因を究明するため，採
血した魚体から胃および腸管を取り出し，その内容物の窒素含量を分析することによ
り原料タンパク質の消化過程を調べた。その結果，麦芽タンパク質配合飼料のタンパ
ク質の胃から腸管への移行は魚粉や大豆油粕配合飼料に比べて遅いが，大豆油粕のタ
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ンパク質は麦芽タンパク質と同様1ち魚粉のタンパク質に比べて未消化な状態で腸管
へ送られていることが示唆された。，ま為麦芽タンパク質の腸管でのタンパク質消化
は魚粉ほど活発に進行しないことが示唆されたが，大豆油粕を給与したニジマスでは
腸管内容物の窒素含量が極端に少なく，血漿遊離アミノ酸濃度に見られたピーク到達
の遅れとの関連が明確にはできなかった。
　これらの結果から，大豆油粕や麦芽タンパク質の消化管におけるタンパク質の消化
過程が魚粉とは異なることが一因となって，血漿遊離アミノ酸濃度の変化にも魚粉と
の間に大きな差が認められたと推察された。種々の魚粉代替原料を併用した場合にも
このような原料毎にそのアミノ酸の吸収のタイミングに差が起きることがあれば，血
漿遊離アミノ酸，ひいては組織のアミノ酸代謝プールにインバランスが生じ，吸収さ
れたアミノ酸が効率良くタンパク質合成に利用されないことになる。したがって魚粉
代替原料からのアミノ酸の吸収に関しては，原料を併用した場合や，飼料の物性との
関連24を含めさらに詳細な検討が必要と思われる。
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Abstrac t 
Postprandiai changes in plasma free amino acid concentrations and 
nitrogen contents of the gastrointestinal digesta of rainbow trout 
Oncorhynchus mykiss fed on (lifferent protein sources were examined. 
Three experimental diets containing either white fish meal (FM), defatted 
soybean meal (SBM) or mait protein fiour (MPF), were fed to triplicate 
groups (initial mean weight; 63g) for two weeks at 15･C. After 48 h of 
fasting, the fish were fed again their respective diets to satiation. Blood 
samples were taken at 3, 6, 9, 12, 15, 18, 21, 24, and 48 h after the last 
feeding. 
Plasma concentrations of individuai aJnino acids reached peak levels at 
12t3 h post-feeding in the FM group, and at 21~3 h in the SBM and MPF 
groups. Evacuation of gastric digesta was faster in the FM and SBM groups 
than the MPF group. However, the 0.9% NaC1 insoluble nitrogen levels (o/o) 
in the gastric digesta of the SBM ~nd MPF groups seemed relatively stable 
until 2 1 h compared with the decreasing trend observed for the FM group. 
The insoluble nitrogen contents (mg/100g BW) in the intestinal digesta 
were highest in the MPF group, intermediate in the PM group, and 
unexpectedly lowest in the SBM group throughout the sampling periods. 
These findings suggest that peak levels of plasma free amino acids in the 
SBM and MPF groups occurred later than the FM group due tn part to 
different protein digestive processes in the gastrointestinal tract. 
Key words: alternative protein sources, fish meal, gastrointestinal digesta, 
malt protein flour, Oncorhynch us mykiss, soybean meal, plasma free 
amino acid, postprandiai change 
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Postprandiai changes in plasma fr. ee amino acid concentrations for fish 
fed on different kinds of diet have bcen compared in severai papers.1-ll) 
Some of these reports focused on the difference between diets containing a 
high proportion of crystalline amino acids and diets containing intact 
proteins such as casein.1~. 6, 7. Il) These studies have shown in principle that 
peak levels of plasma free amino acid concentrations occur much earlier 
for fish fed on amino acid diets than on intact protein diets.2~4, 7, Il) It is also 
recognized that a diet containing intact protein(s) supplemented with 
crystailine amino acids sometimes results in inferior growth and feed 
performance compared to an ideai intact protein diet.12-17) Thus the faster 
absorption of crystalline amino acids and their subsequent catabolism is 
considered to be one of the causes of inferior growth and feed performance 
of the fish.3, 7. 16,17) Such importance of the timing of amino acid absorption 
would be true of practical fish feeds containing various protein 
ingredients. 
In contrast, few reports have compared the postprandial plasma (or 
serum) free amino acid concentrations between diets from the viewpoint of 
practicai feed formulation.5, 8~ro) in fish feed, multiple protein ingredients 
such as fish meal and soybean meal are usually incorporated, and 
sometimes crystalline amino acids are further supplemented to balance the 
amino acid profile of the feed.1419) To achieve an efficient utilization of 
amino acids from these nitrogenous ingredients in the feed, free amino 
acids derived from each of these ingredients should be present 
simultaneously in plasma vvith a balanced composition as has been 
suggested by Murai et al.4) in carp Cyprinus carpio. Therefore, it is 
important to elucidate postpraiLdiai changes of plasma free amino acid 
concentrations of fish fed on di~ferent practical protein sources. However, 
only Shimeno et al. exanrined ~n yellowtail Seriola quinqueradiata the 
effects of including defatted soyb,ean meal (SBM) into the fish meal based 
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moist pellet,ro) and of force-feeding brown fish meal and SBM.9) More 
examinations are necessary to clarify the postprandial plasma free anrino 
acid changes of fish fed on various protein sources. 
Relationship between postprandial changes of plasma free amino acid 
levels and digestive process of diets has been suggested.3, 8. ro) Shimeno et 
al.8,ro} observed that yellowtail fed on raw fish showed clear peaks of serum 
free amino acid concentrations at 2 to 4 h post-feeding, while fish fed on 
single moist pellets did not show distinct peaks. They found that the fish 
meal proteins in the moist pellets were evacuated from stomach less 
digested than the proteins of raw fish. Yamada et al.3) also observed that 
casein was evacuated from stomach more slowly than amino acid mixture in 
rainbow trout Oncorhynch us mykiss. Accordingly, postprandial plasma 
free anilno acid levels for protein ingredients should be examined in 
relation to the digestive process of the proteins. 
To clearly explain the effect of different kinds of practical protein source 
on the plasma free amino acid concentrations of fish, we first examined the 
postprandial plasma free amino acid concentrations of rainbow trout fed ad 
libitum on dry pellets containing either white fish meal (FM), SBM or malt 
protein flour (MPF) in this study. Since we found that peak levels of plasma 
free anrino acids in the SBM and MPF groups occurred approximately 9 h 
later than the FM group, we further examined nitrogen content changes of 
the gastric and intestinal digesta of the fish to make clear the digestive 
process of the proteins. 
Materials and Methods 
Experimental Diets 
The formulation, and proximate and anrino acid compositions, of the 
experimental diets are shown in Table I . Three diets each containing FM 
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(Alaska pollock meal, produced by JSC Oceanrybflot, Russia). SBM 
(Marubeni Shiryo Co. Ltd., Japan) or MPF (Kirin Brewery Co. Ltd., Japan), as 
the sole proteiu source, were formulated to provide a diet of approximately 
3S% crude protein. Crude fat levels of the diets were adjusted to 
approxtmately 1 5% by addition of pollock viscerai oil ( Riken Vitamin Co. 
Ltd., Japan) and soybean oil (Wako Pure Chemical Industries Ltd., Japan). 
All these ingredients were thoroughly mixed, moistened, and pelleted 
without steam, using a Laboratory Pellet Mill CL-2 (Califomia Pellet Mill Co., 
USA). The resulting pellets (approximately 4.5mm diam. * 7.2mm) were 
dried at 60'C for 5 h, and then stored at - 2CPC until fed to the fish. 
Fish and Feeding Procedures 
Fingerling rainbow trout were transferred from the Shiga Prefecturai 
Samegai Trout Farm to the Inland Station of the Nationai Research Institute 
of Aquaculture. The fish were reared with commerciai trout feeds ( Nippon 
Fonnula Feed Mfg. Co. Ltd.. Japan) supplemented with 5% (w/w) pollock 
viscerai oil for 4 months at 15･C. Two hundred and seventy fish with a 
similar size (63~6.9g) were then selected and divided into nine groups (30 
fish per group). Each of the nine groups was stocked into a round tank 
(holding about 120 1 of water), and well water ( ISt0.4'O was supplied at a 
fiow rate of 4 1 per min. The fish were fed on a commercial trout feed for 
the initial two weeks of acclimation to the rearing conditions. Then the 
three experimental diets were each fed to the triplicate groups to satiation 
twice per day for the following two weeks. After 48 h of fasting, the fish 
were then fed once again to satiation, and blood samples were taken. In all 
treatrnents, amounts of diets consumed at the last feeding were 
approximately the same. 
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Sampling Procedures 
Four fish were sampled from one of the three tanks for each dietary 
treatment at 3 h intervals from 3 to 24 h, and at 48h, after the last feeding. 
To minimize stress from disturbance, fish were sampled from the first tank 
at 3, 12, and 21 h, from the second tank at 6, 15, and 24 h, and from the third 
tank at 9, 18, and 48 h post-feeding. The sampled fish were anesthetized 
with 0.019~o ethyl 3-methylaJrninobenzoate methanesulfontc acid. A blood 
sample was irrLmediately withdrawrl from the caudal vain-artery complex 
with a heparinized syringe fitted with a 23G needle. The red blood cells 
were promptly removed by centrifugation at 3 ,OOO rpm for 10 min, and the 
supematant plasma samples were obtained. The plasma samples were then 
deproteinized by addition of an equai volume of lO% sulfosalicylic acid, 
vigorously shaken, and centrifuged at l0,000 rpm for 10 min at 5･C. The 
supernatants were taken and stored at - 8CPC until analysis of the free amino 
acid composition. The fish from which the blood samples were taken were 
frozen immediately in liquid nitrogen and stored at -8CPC until analysis of 
the nitrogen contents of the gastric and intestinai digesta. 
Analytical Methods 
All proximate and amino acid analyses of the experimental diets were 
performed according to the same methods as described previously.17) 
Hardness of the experimental diets was measured using a Kiya Digital 
Hardness Tester KHT-20 (Fujiwara Factory Ltd., Japan), and shown in Table 
1 . Plasma free anrino acid concentrations were indj:vidually determined 
using an automatic amino acid analyzer L-8500 (Hitachi Ltd., Japan) wlth a 
ninhydrin reagent and lithium buffer system. To understand the digestive 
processes of dietary proteins more clearly,8~lo) the gastric and intestinal 
contents were separately collected and their nitrogen compounds were 
separated into three fractions according to the methods described in Fig. I . 
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Only the samples taken at 3, 9, 15, 21, and 48 h post-feeding were analyzed. 
The contents of the pyloric ceca were not included in the intestinai digesta 
anaiysis. The nitrogen content of each fraction was determined by the 
micro-Kjeldahl method. Since the nitrogen contents in the 0.9% NaCl 
soluble and perchloric acid solution insoluble fraction were found to 
fluctuate widely and did not show specific postprandial changes in this 
study, we only discuss the 0.90/0 NaCl insoluble nitrogen ( termed insoluble 
nitrogen), the perchloric acid solution soluble nitrogen (termed soluble 
nitrogen), and the total nitrogen contents in this paper. The nitrogen 
contents of the three fractions for the experimental diets are given in 
Table l. 
Results 
Postprandial Changes in Plasma Free Amino Acid Concentrations 
Changes in plasma free anrino acid concentrations of rainbow trout after 
being fed on diets containing either FM, SBM or MPF are shown in Fig. 2 
and Fig. 3 . Peak plasma levels of total anrino acids, essential amino acids, 
and non-essential amino acids for fish fed on the FM diet all occurred 12 h 
post-feeding (Fig. 2-a, b, and c). In contrast, the peak levels of these amino 
acid groups for fish fed on the SBM and MPF diets occurred around 2 1 h 
post-feeding. Peak levels of individual amino acids also occurred close to 
the peak times of the total amino acids for all three groups ( ~ 3 h, Fig. 3 ) . 
Due to the decline of isoleucine, Ieucine, phenylalanine, tyrosine, and 
valine levels at 2 1 h post-fecding in the SBM group, the levels of the totai 
essentiai amino acids plateaued at 18 to 24 h (Fig. 2-b). At 48 h post-feeding, 
concentrations of most essential amino acids decreased to the levels of 3 h 
post-feeding, while most of the non-essential amino acids remained at 24 h 
post-feeding levels (Fig. 3). In the FM group, glycine concentrations were 
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markedly high among the non-essential amino acids throughout the 
sampling periods. On the other hand, drastic elevations of the alanine level 
of the SBM group and the proline level of the MPF group were observed at 
2 1 h post-feeding. 
Postprandial Changes in Nitrogen Contents of Gastrointesdnal Digesta 
Changes in the nitrogen contents of digesta in the stomach and intestine 
are shown in Fig. 4 and Fig. 5, respectively. 
Total nitrogen contents in the gastric digesta (mg/lOOg BW) of the three 
groups at 3 h post-feeding were similar (Fig. 4-a). Thereafter, the nitrogen 
contents of the FM and SBM groups decreased similarly until 2 1 h post-
feeding. In contrast, total nitrogen contents of gastric digesta of the MPF 
group seemed unchanged until 9 h post-feeding, decreasing thereafter. 
Since most of the nitrogen in the gastric digesta was found to be insoluble 
nitrogen, the changes in the insoluble nitrogen contents showed a similar 
trend to the total nitrogen contents (results not shown). The soluble 
nitrogen contents (mg/lOOg BW) of the FM and SBM groups similarly 
decreased, and were higher than the MPF group during the earlier 
sampling periods (Fig. 4-b). When the insoluble nitrogen contents were 
expressed as a percentage of the gastric digesta (Fig. 4-c), however, the 
values of the SBM and MPF groups were relatively stable until 2 1 h post-
feeding compared with the decreasing trend of the FM group. 
The intestinal digesta per body weight ( % wet weight) of the FM and SBM 
groups increased up to 9 h post-feeding, then decreased (Fig. 5-a). On the 
other hand, the digesta of the MPF group gradually increased up to 2 1 h 
post-feeding. Total nitrogen contents in the intestinal digesta (mg/100g 
BW) were, however, highest in the MPF group, intermediate in the FM 
group, and lowest in the SBM group throughout the sampltng periods (Fig. 
5-b). The insoluble nitrogen contents (mg/lOOg BW) of the MPF group 
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were much higher than the FM group and increased until 2 1 h post-feeding 
(Fig. 5-c). The insoluble nitrogen of the SBM group also tended to increase 
up to 15 h post-feeding, but the nitrogen contents were considerably lower 
than the other groups. Since the total nitrogen contents of the intestinal 
digesta of the MPF group were markedly higher than the FM group, the 
soluble nitrogen contents expressed per body weight were always higher 
in the MPF group than the FM group (results not showrl). However, when 
the values were expressed as a ratio (%) of soluble nitrogen to total 
nitrogen, the values for the MPF group were always lower than the FM 
group (Fig. 5-d). 
Discussion 
In this study we showed clearly that the plasma free amino acid 
concentrations of rainbow trout fed on diets containing either SBM or MPF 
reached peak levels approximately 9 h later ( at 2 1 h post-feeding) than fish 
fed on the diet containing FM (at 12 h post-feeding). Shimeno et al. found 
that for yellowtail a difference in the timing of serum free amino acid peak 
concentrations did not exist between moist pellets with or without SBM,lO) or 
between force-fed brown fish meal and SBM.9) These contradictions may in 
part result from the differences in fish species and the physical properties 
of the diets, i.e., the yellowtail digested the moist pellets more rapidly8~ro) 
than the rainbow trout did the dry penets in tbis study. To make clear the 
cause of observed time lag of the plasma free amino acid changes among 
the protein sources in this study, we investigated the digestive process of 
the proteins in the gastrointestinai tract. 
Yamada et al.3) showed that slower evacuation of casein from the stomach 
was related to the delayed increase of plasma free amino acid 
concentrations compared with the amino acid mixture. In the present 
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study, evacuation of the gastric (ligesta of the MPF group was also found to 
be delayed compared with the FM and SBM groups as shown in Fig. 4-a. 
Hilton et al.20) demonstrated that evacuation of gastric digesta of rainbow 
trout fed on extruded pellets was prolonged compared vvith the trout fed on 
steam pellets. Therefore, physical properties such as hardness of the 
experimental diets (Table I ) may be partly related to gastric content 
evacuation in this study, i.e., the MPF diet was much harder and the 
evacuation of the gastric digesta was slower than for the PM and SBM diets 
(Fig. 4-a). However, the hardness of the MPF diet (4.53 kg･f) was not 
particularly high but was at similar levels to the conunercial steam pellets 
of a similar size (4.15 kg･f, see Table 1). In addition, we found that the 
gastric digesta of the MPF groups were homogeneous and contained no 
pellet-like particles even at 3 h post-feeding, a result consistent with the 
other groups. The softer SBM and the harder MPF diets shared a similar 
pattern of postprandial plasma free amino acid changes irrespective of the 
hardness of the diets. Accordingly, the hardness of the diets may not be the 
single cause of the difference in plasma free amino acid changes in this 
study. More precise examination is necessary to clearly explain the 
relationship between hardness of diets and postprandial changes of plasma 
amino acid levels and gastric contents. The similar levels of the gastric 
nitrogen contents (mg/lOOg BW) of the three groups at 3 h post-feeding 
( Fig. 4-a) support that the amounts of the last feed intake were alinost the 
same among treatments. 
On the other hand, the insoluble nitrogen levels (%) expressed per 
gastric digesta of the SBM and MPF groups remained relatively stable until 
2 1 h post-feeding, while that of the FM group decreased linearly from 3 to 
15 h (Fig, 4-c). This suggests that the FM proteins were enzymatically 
digested to a greater extent in the stomach than the SBM and MPF proteins, 
and that the digested soluble FM proteins were transferred into the 
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intestine faster than the other portions of the gastric digesta. In contrast, 
the SBM and MPF proteins in the gastric digesta might have been 
transferred into the intestine less digested than the FM proteins. Shimeno 
et al.8) observed similar phenomena in yellowtail between the raw fish and 
fish meal based moist pellets. They found that the fish meal proteins in the 
moist pellets were transferred from the stomach into the intestine less 
digested than the proteins of raw fish. Thus, the inferior chemical 
digestion of the SBM and MPF proteins to the FM protein in the stomach 
may be one of the reasons for the difference in the timing of plasma free 
amino acid peak levels. The higher soluble nitrogen contents of the SBM 
group than the MPF group at 3 h post-feeding (Fig. 4-b) might have 
resulted from digestion of the high amount 0.9% NaCl soluble and 
perchloric acid solution insoluble nitrogen contained in the diet (Table 1). 
The digestive process of the test proteins in the intestine is more 
complicated to understand. Judging from the accumulation of insoluble 
nitrogen in the intestine (Fig. 5-c) and from the lower soluble nitrogen to 
total nitrogen ratio of the MPF group than the FM group (Fig. 5-d), the MPF 
proteins might have been evacuated from the stomach being incompletely 
digested, and the intestinal digestion of the proteins might have been less 
active than the FM proteins. This assumption is fairly consistent with the 
finding of Yamamoto et ai.21) that the apparent protein digestibility of MPF 
(86%) was lower than that of FM (94%) in rainbow trout. Accordingly, the 
delayed attainment of plasma free amino acid peak levels of the MPF group 
would have been caused both by the slower evacuation of gastric digesta 
and by the inferior chemical digestion in the gastrotntestinal tract 
compared with the FM group. 
On the other hand, although comparable amounts of the intestinal digesta 
(% wet weightIBW) were present in the FM and SBM groups (Fig. 5-a), the 
nitrogen contents of the SBM group were unexpectedly low (Fig. 5-b). 
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Shimeno et al.9) did not observe such a low nitrogen content in the 
intestnai digesta of yellowtail force-fed SBM. In addition Yamamoto et al.2 1) 
reported that the apparent protein digestibility of SBM ( 949~0) was as high as 
FM in rainbow trout. The occurrence of peak levels of the intestinai digesta 
content at an earlier phase (9 h after feeding. Fig. 5-a) and the low 
nitrogen contents in the intestinai digesta (Fig. 5-b, c) of the SBM group, 
however, seem inconsistent with the delayed attainment of peak levels of 
plasma free amino acid concentrations. Instead these observations on the 
digestive process of SBM in the intestine seem consistent with high SBM 
protein digestibility.21) Although a few non-essential amino acids appeared 
in high concentrations in the plasma of the three groups (Fig. 3), the total 
concentrations of non-essential amino acids of the SBM group were 
considerably lower than the other groups (rig. 2-c). The reasons for these 
phenomena observed for the SBM diet group are not clear from the results 
of the present study. In fish insulin is knovvn to decrease plasma and tissue 
free amino acid concentrations,22. 23) and aiso to promote uptake of amino 
acids into tissue proteins.23) Thus, more precise examination into the 
metabolism of absorbed amino acids is necessary to clarify the relationship 
between changes in the plasma free amino acid concentrations and 
digestive process in the gastrointesu~nal tract of fish fed on SBM. 
To improve the amino acid balance of fish feed, it is practicai and 
economical to incorporate multiple protein sources at proper ratios.18, 19) If 
the digestive processes of dietary proteins, especially those in the intestine, 
are different among multiple, feed ingredients combined in a diet as we 
have shown in this study, thel; the free amino acids liberated from each 
protein wouid not be present ･siml4ltaneo,tsly in plasma and cause an 
imbalance in plasma free alni40 acid composition. Murai et al.4) suggested 
that simultaneous presentation of baianced amino acids in plasma is 
important to achieve efficient utilization of the absorbed arnino acids. 
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Accordingly, changes in postprandial plasma free amino acid 
concentrations and digestive processes of dietary proteins for diets 
containing multiple protein sources should be carefully examined. 
In this study we found that plasma free amino acid concentrations of 
rainbow trout fed on diets containing SBM or MPF reached peak levels 
approxirnately 9 h later than for the FM diet. The cause of the delay for fish 
fed on the MPF diet is presumed to be less complete protein digestion and 
slower evacuation of digesta in the stomach, and less active protein 
digestion in the intestine. However, the cause of the delay for fish fed on 
the SBM diet is less clear than for the MPF diet and needs more precise 
exammauon. 
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Table1．Ingredients　and　proximate　and　amino　acid　composiαons　of　the
　　　　　　　　　　　　experimental　diets．
　　　　　　　Diet☆1
1ngredients（％）
　White　fish　me謡
　Soybean　me飢
　Malt　protein　flour
　Pollock　viscer訊10il
　Soybean　oi1
　α一Starch
　Dex面n
　Cellulose
　Vitaminmix＊2
　Minera1血x＊3
　Na－algin訊te
Pro虹m飢e　compos雄on（％dry　m飢ter）
　Cnlde　prote血（N×625）
　Cmde　fat（96）
　Crude　ash（％）
　　Gross　energy（kJ／9）歯4
Amino　acid　composition（g／100g　protein）
　　Arginine
　　Histid血e
　　Isoleucine
　　Le瓢c血e
　　Lysine
　　Methionine
　　Cystine
　　Phenylalanine
　　Tyrosine
　　Threonhle
　　T㎝tophan
　　Valine
　　Alanine
　　Aspartic　acid
　　Glu⑳c　acid
　　Glycj血e
　　Proline
　　Serine
Hardness　of　diet（kg．f）＊5
FM SBM MPF
51、4
3．1
9．0
15．0
、認
ll｝
35．4
15．9
14．2
20．5
6．90
2．44
4．41
8，00
8．43
3．37
1．12
4．16
3．67
4．30
1．11
4．88
6．28
10。20
14．29
6。84
4。40
4．85
0．95
72。6
6．0
8．2
1．7
5．0
6．5
34．9
16．2
7。5
21．8
7．75
2、78
4．62
8。06
6．63
1。35
1．62
5．41
3．59
3．86
0．29
4．57
4。55
11．14
19．09
4。37
5．16
4．85
0．82
Nitrogen　content　of　each　fractio夏（％to　total　niαogen）緬
　0。9％NaCI　i鍛soluble　　　　　　　　　　　　　　　　　97．6
　0．9％NaCI　soluble　and　perchloriく：　　　　　　　　0．Z
　　　acid　solutlon血soluble
　Perchloric　acid　soludon　soluble　　　　　　　　2．Z
93．5
5．8
0．7
67．2
6．0
0．7
14．6
5．0
6．5
35．6
16．5
4．0
23．2
5．38
2．30
4。35
9．42
3．34
2。12
2．42
6．36
3．93
3．60
0．41
5．15・
4．96
6．27
22。27
3．40
10．25
4．07
・4．53
98．6
0．2
1．2
★1FMl　white　fish　meal　diet，SBMl　soybean　meal　diet，MPF；malt　protein　flour　diet・
★2The　premix（mg／100g　diet）l　Thiamin　HC115，尉boflavin；20，P頭do，dne　HC1；5，
　　　Chohne　chloride；500，Nico面c　acidl75，Ca－pantothenate；50，hlosito1；200，
　　　Biotinl　O．5，Fo妓c　acidl1．5，Ascorbic　add；100，Vi舳K3；4，DL一α一tocopheroll
　　　40，Vitam血B12；0．01，Vitam血D3；0．005，Vi伽nAacetaしte；2000R∫。
歯3The　sεme　as血Yamamoto　eεa1。専7》
★4Analyzed　value　using　a　Bomb　Calor㎞．eter　CA－4P（Shimadzu　Co．，Japan）．
★5Analyzed　using　a　Digit欲1Hardness　Tester　KTH－20（Fujiwam　Factory　Ltd．，Japan）．
　　The　hardness　of　commercial　dry　pe皿ets　for　trout（5P）were　detem血ed　as4。15kg・f
★6FracUonα亘onisshowninFig、1．
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Gastric Digesta 
I ntestinal Digesta 
0.90/0 NaCl 5 ml 
Repeat 2 times 
Shake 10 min 
Centrifuge T 2 SOO rpm 
10 min 
Preci pitate 
Insoluble 
nitrogen 
Preci pitate 
Su ernatant 
609/0 HCI04 0.8 ml 
Centnfuge 11 2500 rpm 
10 min 
Su pernatant 
Soluble 
nitrogen 
Fig. I . Fractionation of the gastrointestinai digesta to determine the nitrogen 
content extracted from each fraction. 
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　本研究では，養魚飼料における魚粉代替原料の有効利用のため，主として代替原
料のタンパク質の栄養価に着目し，代替原料のタンパク質による魚粉のタンパク質の
代替効果，および原料や飼料のアミノ酸組成とその利用性等に関する観点から，（1）
既存の魚粉代替原料の品質・栄養価の改善による利用性の向上，（2）新たな魚粉代替
原料の探索とその利用性，（3）代替原料の併用効果，（4）各種原料のタンパク質と
そのアミノ酸の消化吸収率，および（5）各種原料タンパク質のアミノ酸の吸収特性，
等について検討し，原料タンパク質やアミノ酸の利用性を向上させることを目的に実
施した。
　既存の魚粉代替原料の品質および栄養価の改善による利用性の向上に関しては，ま
ず第1章で，家畜の人工乳用として抗原性物質を低滅するためにエクストルーダー処
理を施した大豆油粕に着目し，ニジマス稚魚用飼料において魚粉のタンパク質を10
～60％の割合で置換した飼料が増重率や飼料効率等に及ぽす影響を検討した。本実験
では，エクストルーダー処理された市販大豆油粕を，研究室においてメタノールによ
る簡易洗浄処理をし，さらに飼料への配合に際しては，魚粉主体の対照飼料の必須ア
ミノ酸含量を満たす量の結晶アミノ酸を添加した。したがって，エクストルーダー処
理や，1辺　　アルコール洗浄処理により，5づ　　大豆油粕由来の抗栄養因子が低減され，
さらに結晶アミノ酸の補足により飼料のアミノ酸バランスが改善されていたことが
期待された。このことは飼育試験の結果，増重率や飼料中のタンパク質の消化吸収率
およびその魚体への蓄積率に関して，魚粉を60％置換した飼料（大豆油粕配合率
46％）においても対照飼料のそれらと遜色なかったことで裏付けられた。大豆油粕単
独による魚粉代替可能率あるいは飼料への配合可能率は，魚種および飼料組成等によ
り異なるが，およそ30％前後であるとする報告が多いことから，8－31）今回用いた家
畜の人工乳用に適した条件でエクストルーダー処理された大豆油粕のタンパク質の
栄養価は既存の大豆油粕に比べて優れていたと考えられる。ただし，本実験において
は，エクストルーダー処理大豆油粕をさらにメタノールにより簡易洗浄し，結晶アミ
ノ酸を補足しているため，エクストルーダー処理のみが大豆油粕の栄養価向上にどれ
ほど貢献していたかは判断できない。エクストルーダーにより成型した大豆油粕配合
飼料の有効性を認めている報告はあるが，2宅32翻　エクストルーダー処理をした大豆
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油粕の飼料への配合が，未処理の大豆油粕配合飼料と比べてニジマスやマダイ等では
成長や飼料効率の改善にはさほど効果がないという報告もある。2蠣『翫）また，アル
コール処理した大豆油粕はニジマスやコイでは成長や飼料効率を改善しないという
報告や，亀卸　ニジマスではアルコールによって抽出除去される大豆油粕の炭水化物は
飼料のタンパク質や脂質の消化吸収率には悪影響を及ぼさないことも示唆されてい
る。紗したがって，今回の試験ではエクストルーダー処理の効果に加え，メタノール
処理や結晶アミノ酸補足の相乗効果によって大豆油粕配合飼料で優れた成長やタン
パク質の利用効率が得られたものと推察された。また，大豆油粕に含まれる抗栄養因
子に対する感受性，ひいては大豆油粕の利用性は，魚種により異なることはさること
ながら，魚のサイズによっても異なり，サイズの大きい魚では感受性が低く利用性が
良いことが指摘されている。鎗姫姻　また，大豆油粕の栄養価向上のための種々の処
理効果も魚のサイズによって異なうことも報告されているため，7）　大豆油粕の栄養
価改善のための処理効果に関する実験結果の解釈および実用飼料への適用にあたっ
ては，魚種および魚のサイズを十分考慮する必要があると考えられる。
　一一方，第5章の第2節から第4節の一部では，大豆油粕や麦芽タンパク質のタンパ
ク質とそのアミノ酸の消化吸収率に及ぼすエクストルーダー処理の影響を検討した。
養魚飼料においては，エクストルーダー処理が炭水化物の利用性向上に効果があるこ
とは認められているものの，融鵠鱈47）タンパク質の消化吸収率に対する効果に関し
ては意見の一致をみていない。1一＆融a＆好姻　また，エクストルーダー処理は高温・
高圧を伴うため，アミノ酸の損失やメイラード反応による利用性の低下等個々のアミ
ノ酸の利用性に及ぼす影響も懸念される。1－a狙一51）本研究における試験の結果，ニ
ジマス，コイおよびマダイ稚魚においては，エクストルーダー処理により両原料のタ
ンパク質とともに，個々のアミノ酸の消化吸収率も幾分向上する傾向がみられ，消化
吸収率の低下するアミノ酸は認められなかった。したがって，今回の実験条件下では
エクストルーダー処理はタンパク質の利用性を向上させ，糞として排出される窒素量
を削減する手段の1つであると推察された。しかしながら未処理の原料との差が大き
くないため，その適用にあたっては，経済性を考慮する必要性があると考えられた。
また，エクストルーダー処理が原料の栄養素の利用性に及ぼす影響は，温度や圧力等
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処理の条件により異なるため注意ポ必要である。1一ψなお，第1章で用いた大豆油粕
は抗原性物質を低減させるための条件でエクストルーダー処理されていると考えら
れ，第5章における大豆油粕へのエクストルーダー処理とは条件が異なり，栄養価も
・異なる可能性がある。
　一方，第1章では，飼料への大豆油粕の配合率増加に従い，飼料効率や飼料のエネ
ルギーの消化吸収率およびその魚体への蓄積率が低下する傾向がみられた。その一因
　として，大豆油粕に含まれる炭水化物の利用性が劣るためと推測された。鵠生細ブリ
用飼料においては，大豆油粕に対し醤油菌等により発酵処理を施すことによりタンパ
　ク質や炭水化物の消化吸収率が向上するが，大幅な成長の改善には至らなかったと報
告されている。5肺ツまた，大西洋サケにおいては，大豆油粕に含まれる炭水化物が飼
料のタンパク質の消化吸収率等に悪影響を及ぽすことが示唆されている。紗一方，大
　豆油粕は粗タンパク質含量が45％前後と魚粉に比べてかなり低いため，飼料中のタ
　ンパク質含量の高いブリ等の肉食性傾向の強い海水魚の飼料に大量に配合すると，飼
料のタンパク質含量や可消化エネルギー含量の低下を招くことがある。2鎚53気41）そ
　のため大豆油粕をアルコール等にぷり精製し，抗栄養因子や炭水化物含量を低減させ，
　その分タンパク質含量を高めた濃縮大豆タンパク質を養魚飼料に配合した報告があ
　る。21・22aa職腫57）ニジマス用飼料では魚粉を100％濃縮大豆タンパク質により置換
　した飼料を給与して魚粉主体飼料と同等の飼育成績が得られている他，戯　他の代替
　原料と併用して魚粉を100％置換した飼料をニジマスに給与して良好な結果も得ら
　れている。鯉　ブリ用飼料へも濃縮大豆タンパク質を少量を配合した場合にはその有
　効性が認められているが，2L毘鎗翻　多量の配合は成長低下等の問題が起こるとされ
　ている。57）また，濃縮大豆タンパク質は養魚用飼料原料としては高価なものであり，
　その利用性については更に検討炉必要であると考えられる。したがって，これら品質
　の改善された大豆油粕の養魚飼料べめ配合に関しては，前述の様に魚種および魚のサ
　イズとともに，その効果と経済性を十分考慮して利用するとともに，簡易な方法によ
　り大豆油粕の抗栄養因子や炭水化物含量を低減させ，あるいは栄養素の利用性を向上
　させる方法を開発する必要があると考えられる。鯉　また，ここ数年大豆油粕市場が
　高騰する傾向にあることから，大豆油粕に代わりうる優れた栄養価を備えた代替原料
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の探索が必要となる可能性もあると考えられる。除㈲
　そのような観点から，第2章および第3章の一部では，ビール粕から精製された新
しい原料である麦芽タンパク質の魚粉代替原料としての有効性について検討した。こ
の麦芽タンパク質は，ピール製造の糖化行程の際に副産物として産出されるビール粕
から，麦芽の穀皮由来の難消化性炭水化物を低減させた全く新しい高タンパク質含有
物（乾物換算で50％以上）である。鯉　また，人間が利用する食品の副産物から機械
的処理のみにより製造されるため，安全性が高いと考えられる物質である。この麦芽
タンパク質により魚粉を種々の割合で置換した飼料を用いて飼育試験を行った結果，
対照の魚粉飼料と遜色のない増重率，飼料効率，およびタンパク質やエネルギーの魚
体への蓄積率を得ることのできる，麦芽タンパク質による魚粉代替可能率は，ニジマ
スおよびコイ稚魚では40％（飼料中の麦芽タンパク質配合率：34および29％），マ
ダイ稚魚では30％（同29％），およびヒラメ稚魚では20％（同21％）であると推
定された。また，ブリ稚魚用飼料においては18％（同20％）であると推定されてい
る。67）これらの値は，魚粉代替原料として有望視されている大豆油粕等の原料単独
による魚粉代替可能率あるいは飼料への配合可能率が30％前後であることを考える
と，8｝3L68『帥そのレベルに達して廼ると考えられ，麦芽タンパク質は有望な魚粉代替
原料の1つとして位置付けられると推察された。また，麦芽タンパク質には麦芽由来
の脂質が12～15％含まれており，㏄）含脂大豆粉（fuU一£atsoybeanmeal）と同様に
エネルギー源としての利用も期待される。33跡8りしかしながら上記代替可能率以上
の麦芽タンパク質の配合は，飼料のアミノ酸バランスの低下や難消化性炭水化物の増
加によるエネルギーの利用効率の低下等により，増重率や飼料効率等の低下を招いた。
　飼料のアミノ酸バランスを改善し，飼料のタンパク質の栄養価を向上させる方法の
1つとして，飼料に不足するアミノ酸を結晶体で補足する方法がある。総鯉　本研究
においても第2章の第1節や第3章の第3節の一部で，ニジマスやコイ稚魚における
麦芽タンパク質配合飼料へのアミノ酸補足効果を検討した。両魚種とも魚粉の60％
を置換した飼料へ魚粉飼料に比べて不足する必須アミノ酸を補足することにより，ア
ミノ酸を補足しない場合に比べ，タンパク質の魚体への蓄積率等が改善され，魚粉タ
ンパク質の60％までの代替が可能（飼料中の麦芽タンパク質配合率：51および
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39％）であると判断された。しかしながらニジマス稚魚用飼料において80％以上の
魚粉を置換した場合にはアミノ酸の補足効果はほとんど認められなかった。大豆油粕
等の魚粉代替原料を配合した飼料においても結晶アミノ酸を補足した研究例がある
が，少量の魚粉を置換した場合や，対照飼料中の魚粉含量が元来少ない飼料の場合に
は効果が認められているものの，u」郷go一吻　多量の魚粉を置換した場合には必ずし
も魚粉主体飼料と同等の増重率や飼料効率が得られていない。5嘆1勾1記ス鯉　したが
って，結晶アミノ酸の補足は経済的にも高価な方法であるので，実用飼料への結晶ア
ミノ酸の補足に関しては，補足するアミノ酸の種類や量，およびその形態等について
もさらなる検討が必要であると考えられる。この点に関連して，飼料中のアミノ酸の
利用性という観点から，第4章の第2節および第5章において各種原料タンパク質の
アミノ酸の消化吸収率を，第6章において各種原料からのアミノ酸の吸収特性につい
て検討を加えた。
　このように，単一の代替原料による魚粉の削減には限界があると考えられるため，
第3章および第4章の第1節では，実用的な方法として複数の代替原料を併用し，飼
料のアミノ酸バランスを改善することにより，魚粉削減率向上の可能性を検討した。
これは人間においてもコメ（第一制限アミノ酸1リジン）と大豆（同；含硫アミノ酸）
のようにタンパク質中で最も不足する第一制限アミノ酸の異なる原料を併吊するこ
とにより，食事のアミノ酸バランスが改善され，栄養価が向上するという考えに基づ
くものである。9ρ魚類飼料においても大豆油粕等の代替原料単独により魚粉を置換
した場合に比べ，大豆油粕とコーングルテンミールを併用，あるいはそれらとミート
ミールを併用するなど，複数の代替原料を併用して魚粉を置換した場合に良い結果が
得られている。2蠣鉱4L425乞95－101）複数の原料を配合することにより，飼料のアミノ
酸バランスが改善され飼料のタンパク質の栄養価が向上するほか，コーングルテンミ
ールやミートミールは大豆油粕よりタンパク質含量が高いため，飼料のタンパク質含
量を維持する上でも有効であるとされている。2聯3職）複数の原料を併用すること
により飼料のアミノ酸バランスを改善するためには，各原料のアミノ酸組成に基づき
魚類のアミノ酸要求量が明らかになっている場合はそのバランスにより近くなるよ
う，適切な比率で配合する必要があると考えられる。しかしながら，複数の代替原料
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の最適な配合比率に関する詳細な検討はほとんど行われていない。4城1⑳　したがっ
て，本研究では麦芽タンパク質を含む複数の原料の併用効果を検討する前に，第3章
の第1節において，まずニジマス稚魚用飼料における大豆油粕と麦芽タンパク質の最
適配合比率を明らかにした。その結果，魚粉を60％置換した飼料においては，増重率
や飼料のタンパク質およびエネルギーの利用効率等から総合的に判断して，タンパク
質換算で大豆油粕と麦芽タンパク質を1：1の比率で配合することが最適であると判
断された。また，ニジマス卵のアミノ酸組成1㈲を基準として計算した飼料の必須ア
ミノ酸指数と飼料タンパク質の魚体への蓄積率との間に強い正の相関関係が認めら
れたことにより，飼料タンパク質の効率的な利用に対する飼料原料の配合比率の重要
性が裏付けられた。さらに第4章の第1節では，ニジマス稚魚に大豆油粕，麦芽タン
パク質，ミートミールおよびピール酵母を各原料のアミノ酸組成に配慮して適切な比
率で併用し，魚粉を80％置換し之飼料を給与して，飼料効率は若千劣るものの魚粉主
体飼料と同等の増重率を得ることができた。一方，第3章の第2節および第3節にお
けるヒラメやコイ稚魚における試験では，ニジマス稚魚において明らかとなった最適
配合比率である1：1の割合（タンパク質換算）で大豆油粕と麦芽タンパク質を併用
配合し，段階的に魚粉を置換した。コイでは，魚粉の60％をこれら2原料を併用して
置換した飼料において，魚粉飼料と同等の飼料効率と，より優れた増重率が得られ，
代替原料併用の有効性が改めて認識された。これらニジマスおよびコイにおける代替
原料の併用効果は，同魚種において大豆油粕，ミートミールおよびコーングルテンミ
ール等を併用することにより魚粉の大部分または全てを置換した飼料を給与して良
好な飼育成績を得たとする試験結果と一致することから，鵠ga1⑳　これら淡水魚にお
いては魚粉配合率を現行より極端に削減できると考えられる。それに比べ，ヒラメ稚
魚における大豆油粕と麦芽タンパク質の併用効果はニジマスやコイ稚魚ほど顕著で
はなく・魚種により魚粉代替原料の併用効果に差のあることが明らかとなった。ヒラ
メにおいては結晶アミノ酸を補足した飼料ではあるが，大豆油粕による魚粉代替率は
50％と高いものの，卸　フェザーミールや肉骨粉による代替率は麦芽タンパク質と同
様のレベル（20％）であることが報告されている。7a湿　ブリにおいても魚粉代替原
料を併用して多量の魚粉を削減した場合には，増重率や飼料効率の低下がみられるこ
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とが日本水産学会では報告されている。104－107）また，無魚粉飼料を給与した場合に
は緑肝症が発生することなどの弊害が確認されていることから，鯉　これら魚食性の
強い海水魚においては魚粉代替原料の利用性がコイやニジマス等の淡水魚に比べ劣
ることが推察された。一一方，マダイにおいては，代替原料を併用して魚粉の60％置換
した飼料においても良好な成績が得られており，妙　さらに魚粉を全く含まない無魚
粉飼料においてもマダイの健全な生育が可能であることが水産学会では報告されて
いる。10削㏄）このことは麦芽タンパク質単独による魚粉代替可能率が，ブリ67）やヒ
ラメ稚魚では20％であるがマダイ稚魚では30％とやや優れていたことと一致してお
り，マダイはブリやヒラメより魚粉代替原料の利用能力が高いことが推察された。
　このように，魚種により各種魚粉代替原料の利用能力に差のあることが示唆される
一方，本研究における一連の飼育講験では試験飼料のタンパク質の消化吸収率が，魚
種，あるいは代替原料の配合比率および併用する代替原料の種類により異なる傾向が
みられた。しかしながら，各魚種において消化吸収率測定に用いた採糞方法が異なっ
ており，これらの値を直接比較検討することはできなかった。また，本研究ではこれ
まで，代替原料の併用に際しては飼料のアミノ酸バランスを最適なものにするために，
その配合比率に注意する必要性について明らかにしてきた。しかしながら，第4章の
第1節において複数の代替原料をアミノ酸バランスに配慮して併用し魚粉の大部分
を置換した飼料の有効性を明らかにしたが，飼料効率やタンパク質の利用効率は魚粉
飼料に比べ若干劣った。これまでは原料のアミノ酸紐成の分析値を基準に考えてきた
が，各原料のタンパク質の消化吸収率が異なることになれば，各魚種における原料中
の消化吸収可能なタンパク質およびアミノ酸の含量に基づいて配合比率を決定する
必要性があると考えられた。一方，各種タンパク質中の個々のアミノ酸の消化吸収率
にかなりの差があるとする報告があるため，原料のアミノ酸組成を評価する場合には
注意を要することが示唆されている。109－111）また，比較的タンパク質含量の低い植
物性原料に関しては見かけの消化吸収率との差が大きいため，真のアミノ酸の消化吸
収率を求める必要性が指摘されている。112一⑯　しかしながら各種原料のタンパク質
の消化吸収率に関する報告に比べ，それら原料タンパク質を構成するアミノ酸の消化
吸収率に関する考察は少ない。1⑲　したがって，第4章の第2節では，本研究で用い
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てきた各種原料を単一のタンパク質源とする飼料を作製し，ニジマス稚魚においてそ
れら原料に含まれるタンパク質とそのアミノ酸の消化吸収率をより詳細に明らかに
した。しかしながらこの試験では，これまでニジマス稚魚の飼育試験で用いてきた養
殖研方式の採糞用水槽11θを用いたが，サイフォン方式で糞を集める本装置は糞の柔
らかいヒラメ等の魚種には適用できないことが明らかとなった。そのため第5章にお
いては，新たに考案・製作した採糞用水槽を用いて，ニジマス稚魚を含め各種魚類に
おける各種原料のタンパク質とそのアミノ酸の消化吸収率を測定し，比較した。その
結果，魚粉タンパク質の見かけの消化吸収率は各魚種とも89～94％と優れ，ニジマ
ス，コイおよびマダイ稚魚においては大豆油粕タンパク質の消化吸収率も魚粉並みに
高く（90～93％），また麦芽タンパク質のそれは若干低い（81～84％）ものの，これ
ら3魚種間では大差なかった。一方，ヒラメ稚魚における大豆油粕および麦芽タンパ
ク質のそれはニジマスに比べ15％程度低い値を示した。このことは第3章の第2節
において，ヒラメ稚魚用飼料における麦芽タンパク質による魚粉代替可能率が他の魚
種に比べて低かったこと，および同節における大豆油粕と麦芽タンパク質との併用効
果が他の魚種ほど顕著ではなかっなことの一因と推察された。また，コーングルテン
ミールについては，ニジマスでは魚粉と同等であった（95％）ものの，コイやマダイ
では76～79％と麦芽タンパク質より若干低く，ヒラメにおいてはわずか42％であっ
た。したがって，ヒラメ稚魚用飼料においては本研究で使用した原料以外の利用性に
ついても検討する必要があると考えられた。ニジマスやコイにおける魚粉や大豆油粕
のタンパク質消化吸収率は既往の知見と一致したが，32117｝1⑳　コーングルテンミー
ルについては，ヒラメで極めて低いという点ではプリに関する報告と一致するが，11θ
コイについては本研究の結果よりかなり高い値が報告されており，略⑳さらなる検
討が必要である。また，植物性原料のタンパク質の消化吸収率が水温に依存すること
が報告されているため，⑳測定値の解釈には注意が必要であると考えられる。この
ように，魚種および原料により，原料タンパク質の消化吸収率にはかなりの差がある
ことが明らかになった。したがうて，魚粉代替原料を実用飼料に配合する場合は，原
料タンパク質の消化吸収率を確認した上で適切な原料を選択する必要性があると考
えられる。
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　一方，本研究では原料のタンパク質を構成する個々のアミノ酸の消化吸収率に関し
ては，どのアミノ酸についてもおおむねタンパク質の消化吸収率に近い値をとり，
個々のアミノ酸の消化吸収率に大きなばらつきがみられるとする報告112¶9とは異
なる結果が得られた。この原因の1つとして，本研究や，同様に各アミノ酸の消化吸
収率のばらつきが全体的に小さいとする報告では，採糞装置を用いて採取した糞を分
析しているのに対し，聡11ゆ　ばらつきが大きいとする報告では腸内容物を採取して
分析していることが考えられる。11乳11媚1）また，本研究の第5章の第2節から第4
節においては無タンパク質飼料を与え，真のタンパク質およびアミノ酸の消化吸収率
も求めたが，原料タンパク質の見かけと真の消化吸収率との問に大きな差は見られな
かった（その差は1．3～3。6％）。真のタンパク質消化吸収率は，タンパク質の摂取量
が多い条件下では見かけの値とさほど変わらないとされている。鯉　したがって，一
般的には個々のアミノ酸の消化吸収率として見かけのタンパク質の消化吸収率の値
を代用してもさほど問題はないと考えられた。しかしながら，コーングルテンミール
のリジンや，マダイにおける麦芽タンパク質やコーングルテンミールのスレオニンや
グリシン等のアミノ酸については，見かけと真の消化吸収率との間に比較的大きな開
きが認められた。これらのアミノ酸は，原料中の含有量が低く，一方，無タンパク質飼
料を摂取した際の糞中の含量が比較的多いアミノ酸であった。このことは，タンパク
質含量の比較的低い植物性原料についてはアミノ酸の真の消化吸収率を測定する必
要性を指摘している報告や，112－1鯉　タンパク質の摂取量の少ない場合には見かけと
真のタンパク質の消化吸収率の差が大きいとする報告1勿の概念と一致すると考えら
れる。したがって，タンパク質の栄養価をより正確に評価し，飼料配合設計を行う際
に利用可能なアミノ酸含量に基づき原料の最適な配合比率を決定するためには，原料
によっては真のアミノ酸の消化吸収率を求める必要があると考えられる。
　本研究の第1章から第5章における結果から，魚粉代替原料のタンパク質の利用性
向上のためには，飼料のアミノ酸バランスが魚類のアミノ酸要求量に近づくように複
数の代替原料をバランス良く配合する必要があり，その際には，各原料のアミノ酸組
成の分析値のみならず，魚種毎に各原料のタンパク質の消化吸収率，場合によっては
タンパク質を構成するアミノ酸の消化吸収率を考慮して適切な配合比率を決定する
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必要性が示唆された。一方，代替原料を併用して飼料のアミノ酸バランスを改善した
場合でも，多量の魚粉を置換した場合に成長や飼料効率等が低下することがあること
を先に述べた。その原因として，嗜好性の低下，代替原料に残存する抗栄養因子や難
消化性物質が集積することによる影響のほか，原料を適切な比率で併用しても飼料の
アミノ酸バランスがアミノ酸要求量に比べてなお劣ることが考えられ，これら低魚粉
あるいは無魚粉飼料へのアミノ酸補足の必要性が示唆されている。5Gga10L鵬卿
　本研究においてアミノ酸を補足した試験では，対照の魚粉主体飼料の必須アノミ酸
含量を満たす量の結晶アミノ酸を代替原料配合飼料へ補足しており，他の報告でも同
様の考え方に基づき補足されていると思われる。しかしながらタンパク質の栄養価に
とって重要なのは，代替原料配合飼料の必須アミノ酸の量ではなくそのバランスであ
る。アミノ酸バランスを魚粉飼料と全く同じにするためには，代替原料配合飼料中に
最も多い必須アミノ酸含量に合わせて他のアミノ酸を補足する必要があり，その場合
かなりの量のアミノ酸を補足す拳ことになる。また，ブリ用無魚粉飼料に対して魚粉
飼料に比べて不足すると考えられる種類と量の必須アミノ酸を補足した場合には，
メチオニンの補足量は過剰であることが示唆されている。1飼　いずれにせよ，飼料へ
の結晶アミノ酸の補足に関しては添加するアミノ酸の種類，量および形態の点でさら
に検討する必要性があることは既に述べたとおりである。
　飼料に添加した結晶アミノ酸は乳消化管から吸収される時問が早いためにエネルギ
ーとして分解される量が多いこと，1鍛1細鯉および腎臓から排泄されること，131）お
よび飼料中から飼育水中へ溶出してしまうこと副等により効率良く体タンパク質合
成に利用されないために，理想的なアミノ酸組球を持つタンパク質飼料に比べて成長
や飼料効率等が劣ることが指摘されている。紛羅1鯉一方，コイ稚魚においては結晶
アミノ酸をカゼインで被覆して嗣糖に配合することにより，アミノ酸の吸収される時
間帯には変化はないが，血漿遊離アミノ酸，ひいては組織のアミノ酸代謝プールのバ
ランスが改善されて利用効率が向上し，成長や飼料効率が改善されることが報告され
ている。鼠1卸　また，飼料に補足したアミノ酸の利用性が，飼料の物性や消化過程に
影響されることが示唆されている。卿　これらの現象は，飼料のアミノ酸バランスに
加え，飼料中のアミノ酸が消化管から吸収されるタイミングと吸収されたアミノ酸の
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組織におけるバランスが，飼料中のアミノ酸の利用性に重大な影響を及ぼすことを示
唆している。1蹴1訂）実用的な魚粉代替原料配合飼料では複数のタンパク質源を併用
することになるが，各種原料の消化管における消化過程および消化管から吸収された
アミノ酸の動態に関する報告は少ない。鵬1翻　各種原料からのアミノ酸の吸収のタ
イミングを明らかにすることにより，そのタイミングが同調するような原料を選択す
るとともに，原料や飼料の物性を調節し，補足した結晶アミノ酸を含め飼料のアミノ
酸をより効果的に利用させることが可能になると考えられた。したがって第6章では
魚粉，大豆油粕または麦芽タンパク質を単一のタンパク質源とする飼料をニジマス幼
魚に給与し，血漿遊離アミノ酸濃度の経時変化およびタンパク質の消化過程ついて検
討した。その結果，魚粉飼料に比べ，大豆油粕または麦芽タンパク質配合飼料では，血
漿遊離アミノ酸濃度のピーク到達が9時問程度遅くなることを明らかにした。また，
その原因の1つとして，これら原料タンパク質の消化管での消化過程との関連が示唆
された。つまり，魚粉のタンパク質に比べ，大豆油粕や麦芽タンパク質のタンパク質
はより未消化な状態で胃から腸管へ送られ，また，大豆油粕については明らかにはで
きなかったが，麦芽タンパク質では腸管における消化にも負担がかかっていること等
が推察された。本知見は，代替原料配合飼料からのアミノ酸の吸収のタイミングが配
合した原料により異なることにより，血漿遊離アミノ酸や組織のアミノ酸代謝プール
にインバランスを生じ，飼料のアミノ酸バランスほどには有効にアミノ酸が体タンパ
ク質合成に利用されていない可能性を示唆するものと考えられる。今後，複数の原料
を併用した飼料におけるタンパク質の消化過程や吸収されたアミノ酸の代謝機構，お
よびそれらと飼料の物性との関連磁1ゆ等に関してより詳細な検討を行っていく必要
があると考えられる。また，魚体内におけるタンパク質代謝の日周変動に関する研究
は少ないが，141『鯉血漿中への遊離アミノ酸の出現のピークが原料により9時間もの
差があるという今回の知見は，時問生物学的な観点からも興味深い。1切また，アミ
ノ酸バランスの劣る組成の飼料を与えた場合には，魚粉飼料に比べ体タンパク質の合
成および分解とも昂進することが報告されている。蝿1姻　一方，本研究では原料や
飼料の必須アミノ酸のバランスに注目してきたが，非必須アミノ酸も種類によりそ
の利用性が異なることが示唆されている。147－1戯　また，ニジマスでは系統によって
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大豆油粕配合飼料の利用能力に差がみられることが報告されている。151）したがって，
今後魚粉代替原料の利用性に関する研究も，従来から行ってきた新たな原料の探索，
抗栄養因子の除去や消化吸収率向上等の原料の栄養価の改善，栄養素の組成およびそ
の消化吸収率を配慮した適切な原料の選択および適切な比率での併用，必須アミノ酸
の補足方法の改善等に関する努力を継続しつつ，栄養素の吸収のタイミングと吸収さ
れた栄養素の利用性との関連，飼料の必須アミノ酸および非必須アミノ酸のバランス
と体タンパク質合成・分解との関連，飼料の種類や物性，および水温等の環境要因と
適切な給餌のタイミングとの関連，および育種技術による代替原料の利用能力の高い
品種の作出等にも配慮していくことにより，新たな道が開けるものと考えている。
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